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ABSTRACT
The Relationship Between Gestational PCB Exposure, 
Thyroid Hormones and ADHD
by
Vicki Tripoli
Dr. Shawn L. Gerstenberger, Examination Committee Chair 
Assistant Professor o f Environmental Studies 
University of Nevada, Las Vegas
PCB exposure has been associated with a reduction in circulating thyroid 
hormones via several different mechanisms. While thyroid hormones can influence many 
physiological endpoints in adults, precise concentrations during critical periods of 
gestation are crucial to normal development. Maternal consumption of PCB contaminated 
fish has been associated with developmental problems in animals and humans.
Alterations of thyroid hormones is postulated to be one possible source o f the 
developmental latencies associated with PCB exposure. Thus, this study investigated the 
influence of maternal thyroxine supplements in rodents exposed to a low dose of 
commercial PCB s..
Pregnant Long-Evans rats were exposed to one o f four doses including: Aroclor 
1016 (IP); Aroclor and thyroxine (oral); thyroxine plus saline (IP), or saline. The 
offspring of all groups were observed for developmental landmarks and were put through 
a battery of behavior tests. Data were statistically analyzed using SPSS. Litters bom to
iii
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PCB exposed dams had significantly less males than those bom to dams in all other dose 
groups. After receiving Aroclor, pinna unfolding, incisor emption, and negative geotaxis 
Avere delayed and foot splay was wider than the controls. The group receiving both the 
Aroclor and thyroxine exhibited no statistically significant changes in these endpoints 
compared to controls. Overall response to startle stimuli was greater in pups after 
matemal exposure to Aroclor, and this group habituated significantly less than the other 
groups. Pups m the Aroclor group were most active in the figure 8 maze on average, and 
least active (and least accurate) in the 5-choice task, although these trends were not 
statistically significant.
The supplementation of thyroxine to PCB exposed rats has provided some insight 
to the mechanisms underlying thyroid mediated PCB toxicity and suggests further 
examination into the efficacy of thyroxine to prevent or minimize developmental and 
behavioral effects in maternally exposed populations.
IV
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CHAPTER 1 
INTRODUCTION
The presence o f chemicals in our environment that may disrupt the normal action 
o f  the thyroid hormone system and ultimately affect developmental processes has been 
the focus of much recent research. For instance, the ability o f environmental 
concentrations o f polychlorinated biphenyls (PCBs) to depress circulating thyroid 
hormones is well documented in animal studies (Brouwer, Morse, & Lans, 1998). 
Further, the developmental effects experienced by the offspring of these hypothyroid 
animals compare similarly to children with congenital hypothyroidism, or to those bom 
to hypothyroid mothers (Haddow et al., 1999; Hauser, McMillin, & Bhatara,.1997; 
Matochik, Zametkin, Cohen, & Hauser, 1996). Considering the rise in the incidence o f 
subtle developmental problems in humans such as attention deficit hyperactivity disorder, 
(ADHD) and the prevalence o f PCBs, some researchers have hinted at a possible 
connection between the two (Colbom, Smolen, & Rolland, 1996). Therefore, a 
comparison of the symptoms of ADHD with the effects o f chemically induced 
hypothyroidism seems appropriate.
In a cross-species comparison o f neurodevelopmental effects from PCB exposure 
Tilson, Jacobson, and Rogan (1990) found the most common effect to be altered activity
1
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2levels, followed by impaired learning, memory, motor function, attention and behavior. 
Symptoms varied and were sometimes opposing even in the same species. Species 
included various rodents and primates, including human infants. Although there was a 
negative correlation between gestational thyroid hormone (TH) concentrations and 
developmental effects when monitored, in most of the studies including all using humans, 
no thyroid hormone results were reported.
In comparison, diagnostic criteria for ADHD include difficulties with attention 
and memory, hyperactivity, impulsive behavior, and frequently leaming disabilities 
(American Psychiatric Association Diagnostic and Statistical Manual o f Mental Disorders 
[DSM-IV] 1994). Not all children with ADHD exhibit all symptoms, and there is a high 
incidence of comorbidity associated with the diagnosis. This diverse symptomatology fits 
within the multiple effects model o f teratological exposure that Jacobson, Jacobson, Fein, 
Schwartz, and Dowler (1984) applied to their cohort o f PCB exposed infants. Thyroid 
hormone concentrations in children diagnosed with ADHD are normal or slightly above 
normal (Toren et al., 1997). However, over 70% of children bom with genetic resistance 
to thyroid hormone (GTHR) are diagnosed with ADHD at a later age (Matochik et al., 
1996). In addition, Vanhole, et al. (1997) reported a strong negative correlation between 
thyroxine (T4) concentrations in preterm infants and mortality/ morbidity in that group, a 
condition that did not change with postnatal thyroxine supplements. Additionally, a 
positive correlation was found between complications o f pregnancy, delivery and infancy 
and ADHD (Milberger, Biederman, Faraone, Guite, & Tsuang, 1997).
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3The areas o f the brain affected by chemically induced hypothyroidism and those 
involved with ADHD are also similar. Studies o f chemically exposed rats indicate the 
basal forebrain, cerebral cortex, hippocampus, and cerebellum to be particularly sensitive 
to depressed TH during gestation (Porterfield & Hendry 1998). Although not directly 
attributable to depressed TH, reductions in dopamine concentrations in the caudate 
nuclei, hypothalamus, and substantia nigra were reported after exposure to Aroclor 1016 
(Brouwer et al., 1998). Various radiographic tests done on ADHD diagnosed children 
show abnormalities in brain glucose metabolism in the premotor cortex and superior 
prefrontal cortex, smaller total cerebral volume, loss o f normal right>left asymmetry in 
the caudate, smaller right anterior frontal cerebellar region, reversal o f normal lateral 
ventricular asymmetry, and decreased dopamine response (Amen, Paldi, & Thisted, 1993; 
Castellanos et al. 1996).
Polychlorinated biphenyls have been associated with a reduction in circulating 
thyroid hormones (TH) in animals (Goldey, Kehn, Rehnberg, & Crofton, 1995; 
Desaulniers et al., 1997) and are speculated to interact with this system to alter normal 
development (reviewed in Porterfield & Hendry, 1998). Exposures to PCBs have also 
been correlated with developmental abnormalities (Daly, Hertzler, & Sargent, 1989; 
Beattie, Gerstenberger, Hof&nan, and Dellinger, 1996; Holene, Nafstad, Skaare, & 
Sagvolden, 1998; Gladen, et al., 1988; Jacobson, Jacobson, & Humphrey, 1990; Lonky, 
Darville, Mather, & Daly, 1996). While sporadic adult exposures to PCBs may be o f 
little significance, these same exposures during critical windows o f development may 
have permanent adverse consequences to the developing fetus (Hansen, 1998). This,
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4along with the widespread distribution of PCBs are cause for concern. The alteration o f  
the thyroid hormone system has been postulated to be one possible source o f the 
developmental problems associated with chronic or intermittent exposure to low levels o f 
PCBs and was the premise o f this research. Thus, the present study was designed to 
investigate the relationship between hypothyroxinemia and developmental abnormalities 
in rodents exposed to low doses o f a commercial PCB mixture, and to assess the 
influence o f Levo-thyroxine in treated and untreated animals for the potential protective 
properties o f this hormone, as well as to help define potential mechanisms o f action.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER 2
REVIEW OF RELATED LITERATURE 
Synthetic chemicals have become essential to much o f  the industrialized and 
developing world. There are over 70,000 chemicals in commercial use today that did not 
exist before this century (Silver & Rothman 1995). In their book. Our Stolen Future. 
Colbom, Dumanoski, & Meyers (1996) unveil the theory that persistent environmental 
chemicals are a threat to human potential. This theory is based on numerous observations 
o f  behavioral and reproductive disturbances in both wildlife and laboratory animals 
exposed to chemical contaminants. Paralleling those observations is a rise o f  similar 
problems in hiunan populations as reviewed by Greater Boston Physicians for Social 
Responsibility (2000). The current project addressed one aspect o f the threat to human 
potential, the contribution o f gestational exposure to polychlorinated biphenyls to 
behavioral disturbances through thyroid hormone dysfunction. Specifically, the 
interaction between PCBs and attention deficit hyperactivity disorder (ADHD) was 
explored.
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6PolychlorinatedBiphenyls 
PCBs were first synthesized in 1881 but were not commercially available until 
1930. The only domestic producer o f PCBs, Monsanto, voluntarily restricted their 
distribution to closed systems in 1971 after several incidents o f accidental contamination 
o f foods were reported. Closed systems include electrical transformers, capacitors, and 
heat exchangers, many o f which are still in use today (Cordle, Locke, & Springer, 1985). 
By the late 1970s evidence of endocrine-disrupting effects o f organochlorines was 
recognized by scientists investigating reproductive failures in some bird species, and 
production o f PCBs (and DDT) was banned in the U.S. (Valente & Valente, 1995).
During the last 50 years it is estimated that over 12 trillion kg o f PCBs have been 
produced (TUson & Harry, 1994). The stability of chlorine-carbon bonds that make 
PCBs so useful as insulants allows them to persist in the environment for decades. 
Environmental concentrations o f PCBs have declined recently in some areas, but Tanabe 
(1988) and others claim the risk o f  exposure continues because the amount still in use or 
in landfills exceeds the total quantity that has escaped into the environment to date.
Chemical Properties
PCBs are a family o f209 compounds called congeners based on the number and 
position (para, meta or ortho) o f chlorine atoms attached to two benzene rings. The basic 
structure is shown in Figure 1. These configurations vary in toxicity and chemical 
properties, but in general have low water solubilities and low vapor pressures, allowing 
for global ubiquitous distribution primarily by atmospheric transport (Erickson, 1997).
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6* S '
Polychlorinated Biphenyl (PCB)
Figure 1. PCB structure. Ortho positions are at 2,2’6,6’. Meta 
positions are at 3,3’5,5’, and para are at 4,4’.
Commercial mixtures are resistant to many environmental and biochemical reactions such 
as oxidation, reduction, combustion and extremes in pH which favor their accumulation 
(over their biotransformation and excretion).
Aroclor 1016 is a colorless, odorless oil (or can be a solid) composed primarily of 
lower chlorinated non-coplanar congeners. As opposed to its higher chlorinated 
counterparts, Aroclor 1016 is resistant to breakdown in the environment, with a density o f 
1.33g/mL, water solubility o f 0.0000049 g/mL, and a boiling point of over 350 degrees 
(Spectrum Laboratories 1999). In fact, evidence indicates that the major source of 
Aroclor 1016 release today may be an environmental cycling process of higher 
chlorinated PCBs which were previously introduced into the environment. This cycling 
process involves volatilization from water or soil into the atmosphere and subsequent 
wet/dry deposition to ground surfaces followed by revolatilization (Erickson, 1997). The 
congeners found in Aroclor 1016 are produced as the breakdown products o f Aroclors 
1248-1254 and 1260.
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Biotransformation o f PCBs 
Gerstenberger (1996) found a linear relationship between consumption o f PCB 
contaminated fish and serum PCB concentrations in rats and humans. Due to high 
lipophilic and non-polar qualities, PCBs are readily absorbed through bilipid membranes, 
(most can cross the blood brain barrier) but are difficult to metabolize and excrete. 
Therefore, much o f what is taken in by organisms is stored in adipose tissue for decades. 
Various physiologically based pharmacokinetic (PBPK) models have been developed to 
explain the toxicokinetics o f PCBs based on experimental data, but using primarily the 
higher chlorinated congener mixtures. Absorption o f fats and fat soluble compounds 
occurs through lacteals rather than capillaries in the intestinal microvilli, where they enter 
lymphatic circulation, joining the venous blood at the vena cava (Hansen, 1999). Due to 
absorption via this pathway, PCBs may avoid the first-pass effect o f  liver metabolism. 
PCBs are rapidly cleared from the blood and accumulated in the liver and muscle mass, 
and are subsequently translocated to adipose tissue for storage (Matthews & Dedrick, 
1984). Matthews and Dedrick (1984) established that a dynamic equilibrium of 
concentrations is reached among all tissues for each PCB congener. Presumably, the fetal 
compartment participates in PCB steady state status during pregnancy, when sporadic 
exposures may be associated with diet and due to species related toxicokinetic differences 
in the food web (Hansen, 1999).
According to Erickson (1997) biotransformation processes take place primarily in 
the liver where congeners induce P450 isoenzymes. Hydroxylation is the major phase I 
degradation route in higher animals and in phase II PCBs are differentially metabolized to
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
9more polar products. Species differences and factors that influence induction and 
inhibition o f phase H enzymes appear to have the greatest effect on PCB net 
accumulation. Mono-, di-hydroxy PCBs and their conjugates are then excreted in the 
urine. Excretion depends on the introduction o f more polar groups, except when it occurs 
via the lipid-rich routes associated with reproduction, such as in eggs, parturition, and 
breast milk (Hansen, 1999). For females, giving birth can reduce PCB body burdens by 
30-50%.
In general, the higher the chlorination, the less likely the PCB mixture can be 
metabolized and the more likely to be stored in fatty tissue. As a result, biological 
degradation does not significantly reduce the total burden o f  PCBs in organisms or the 
environment as a whole, but contributes to biomagnification o f these compounds as they 
move through food chains, (Sipes & Schnellmann, 1987) or may alter the composition of 
PCBs to more or less active PCBs (Gerstenberger, Hansen & Dellinger, 2000). There is 
also evidence that hydroxy metabolites of the more lightly chlorinated congeners persist 
in serum (Bergman, Norstrom, Haraguchi, Kuroki, & Beland, 1994) and increase in 
concentration with age (Sandau, et al., 1998). Moreover, recent studies indicate some 
hydroxylated products may be more toxic than the parent compounds (Schuur, et al., 
1998). Containing mostly lower chlorinated congeners, a greater portion o f  Aroclor 1016 
is metabolized (by vertebrates) producing more hydroxylated metabolites than the higher 
chlorinated commercial PCB mixtures (Hansen, 1999).
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Toxicity
The toxicity associated with PCB exposure is most likely due to the effects o f 
several congeners combined with other pollutants, and recent studies have reported 
varying, often opposing effects from individual congeners. Specific congener effects have 
been demonstrated as microsomal enzyme induction, estrogenic and antiestrogenic 
effects, thyroid hormone alterations, and dopamine depletion (Beattie, et al,. 1996; Byrne, 
Carbone, & Hanson, 1987; Seegal & Shain, 1992). U.S. EPA and the Agency for Toxic 
Substances and Disease Registry (ATSDR) have derived a reference dose for (noncancer) 
oral exposures to Aroclor 1016 of 0.00007 mg/kg-day, based on a No Observable 
Adverse Effects Level (NOAEL) of 0.007 mg/kg-day with (divided by) an uncertainty 
factor o f 100 (US EPA, 1996). The NOAEL dose and a Lowest Observed Adverse 
Effects Level (LOAEL) dose of 0.028 mg/kg-day were calculated on the basis o f reduced 
birth weights o f prenatally exposed primates in a sub-chronic low dose study by Levin, 
Schantz, and Bowman (1988). In addition to lowered birth weights, the offspring of 
exposed monkeys had hairline hyperpigmentation and impaired spatial learning ability 
(Schantz, Levin, Bowman, Heironimus & Laughlin, 1989; Schantz, Levin, & Bowman, 
1991). Schantz, Moshtaghian, and Ness (1995) found similar spatial learning deficits in 
rats after matemal exposure to ortho-substituted PCB congeners.
In other animal studies gestational exposure to Aroclor 1016 has been associated 
with lowered brain dopamine in primates, (Seegal, Bush, & Shain, 1990) depressed rat 
adrenal hormone concentrations, (Byrne, Carbone, & Pepe, 1988) and impaired 
reproduction in mink (Silkworth & Loose, 1978). While low and chronic exposures to
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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PCBs have been correlated with developmental abnormalities in animals (Daly„ et al., 
1989; Beattie et al., 1996; Holene et al., 1998) and in humans, (Gladen et al. 19-88; 
Jacobson et al., 1990; Lonky, et al., 1996) Koopman-Esseboom, et al. (1994) 
demonstrated an association between PCB exposure and alterations in the TH sta tus of 
pregnant women and their infants. Porterfield and Hendry (1998) reviewed several 
studies associating PCB exposure with a reduction in circulating thyroid hormomes (TH) 
in animals (Goldey et al., 1995; Desaulniers et al., 1997) and speculated that th e  
compounds interact with this system to alter normal development. Many tri- aimd tetra- 
chlorobiphenyls have molecular structures very similar to that o f TH, (as show n in Figure 
2) which may play a part in their ability to alter the thyroid system.
The nonplanar PCBs and hydroxylated metabolites are prevalent as 
transient/pulsatile components in fish and human serum, as reviewed by Gerstenberger, 
Hansen, and Dellinger (2000), breast milk, (Kostyniak et al., 1999) and are m ajo r 
products of environmental and laboratory dechlorination reactions (Brown, et a l., 1987). 
Kato, Haraguchi, Shibahara, Masuda, and Kimura (1998) related reductions in serum  T4 
in rats to methylsufonyl PCB metabolites. However, most research on PCB exp»osure has 
been with higher chlorinated and coplanar mixtures which have poor or minimad 
interaction with the thyroid hormone system (Hansen, 1998). Sporadic exposures to 
PCBs in environmental concentrations are speculated to result in minimal horm-one 
alterations and are probably o f little significance (Hansen, 1999). But these sam e 
exposures during pregnancy, with even m inim al thyroid hormone alteration coutld result 
in permanent adverse consequences for a developing fetus.
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' .3%4,4 '
hiorobiphenyl
B) Thyroxine (T4)
OH
HO
Figure 2. The similar molecular structures o f (A) a tetraclorobiphenyl 
and (B) thyroxine (T4).
The alteration o f  the maternal/fetal thyroid hormone system is postulated to be one 
possible source o f the developmental problems associated with chronic or intermittent 
exposure to low levels of PCBs.
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Thyroid Hormone System 
Thyroid glands are among the largest endocrine tissues, consisting o f 3 million 
follicles; each made o f a single layer o f epithelium that encloses a central lumen. They 
produce a hormone that contains iodine and tyrosyl moieties joined in ether linkage.
Much o f the biosynthesis is extracellular, and a precursor that can be rapidly converted to 
active hormone is stored in the lumen in quantities sufficient to support metabolic needs 
for several weeks. The follicular cells accumulate iodide, incorporate the ions into 
glycoproteins, and store the precursors in the lumen. The synthesis o f precursors and 
iodine accumulation are independent processes, but occur simultaneously (Martin, 1985).
Thvroid Hormone Svnthesis 
In response to thyrotropin releasing hormone (TRH) fi"om the hypothalamus, 
thyrotropin (TSH) is secreted from the anterior pituitary into circulation (Figure 3). TSH 
binds with follicular cell membrane receptors resulting in a cascade o f events mediated 
by cAMP phosphorylation of substrate proteins. Transcription of thyroglobulin, (TG) a 
large protein composed o f 2 identical subunit polypeptides begins in the follicle cells. 
Translation occurs in the rough endoplasmic reticulum and Golgi apparatus. As secretory 
vesicles firom the Golgi fuse v/ith the apical membrane, iodine is added to tyrosine 
residues on TG (Norris, 1997). Although tyrosine is essential for iodine coupling, it 
comprises only 2% o f the residues. To facilitate this process follicular cells are able to 
trap iodine at the base o f the cell and transport it across the cell against an electrical 
gradient. TSH enhanced active transport is accomplished by a Na\T' co-transport system 
located in the basolateral membrane (Goodman, 1994).
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Figure 3. Hypothalamic-pituitary-thyroid axis and feedback system. 
Gray areas denote sites o f possible PCB mechanisms of action.
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Oxygen is taken up and glucose is metabolized via NADPH pathway that is 
initiated by TSH stimulation. The energy generated is required for the reduction o f 
molecular oxygen to hydrogen peroxide, which is used to convert iodide to its active 
form. This conversion (thought to be stimulated by TSH) is catalyzed by peroxidases 
present in the Golgi vesicles containing the newly synthesized TG.
Iodide in its active form is then incorporated into tyrosyl groups o f  TG as 
monoiodotyrosine (MIT) or diiodotyrosine (DIT) residues (Norris, 1997). In the colloid, 
some iodinated tyrosines undergo oxidative coupling (facilitated by the same peroxidases 
referred to above), resulting in the formation o f  T3 and T4. (The structure o f  T4 is given 
in Figure 2.) At times o f  need under TSH stimulation, the colloid is engulfed by follicular 
cell pseudopodia and transported back into the cell as colloid droplets. These vesicles 
fuse with lysosomes where much of the TG is degraded by proteolytic enzymes, 
deiodinated and the iodine is recycled. The T3 and T4 are released into the cytoplasm 
and diffuse through the basil or lateral follicular membrane and into circulation (Hadley 
1996).
Approximately 50 times more T4 is produced than T3, however T3 is the most 
biologically active o f the two, considered 10 times more potent. Neither hormone is 
soluble in water and 99% is protein bound in the blood. Binding proteins synthesized in 
the liver include thyroxine binding globulin, (TBG) single polypeptides to which 70-75% 
o f circulating T4 is bound (Martin, 1985). Production o f this protein is doubled during 
pregnancy followed by increases in T4 (Glinoer, et al., 1990). The large tetrahedral 
structure o f  thyroxine binding pre-albumen (TBPA) has two T4 binding sites and carries
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15-20%, while another 5-10% is bound to albumen in plasma. Thus, only about 0.3% of 
T3 and 0.5% of T4 is free at the site o f  action. This serves to buffer the plasma 
concentration and prevents loss o f TH through the kidneys (Goodman 1994).
Thyroid Hormone Receptors 
Thyroid hormone receptors (TR) are part o f the steroid receptor superfamily 
which includes receptors for estrogen (ER), progesterone, glucocorticoid, 
mineralocorticoid, and androgen, as well as the more closely related subgroup o f  
receptors for vitamin D (VDR) and retinoic acid (RAR). In addition, Tsai and O ’Malley 
(1994) reported the identification o f  several ‘orphan’ receptors having sequence 
homology to the steroid hormone receptor family, but for which the ligand is unknown. 
Orphan receptors along with the subgroup o f TR, RAR and VDR differ from the other 
steroid hormone receptors in several key areas o f  function. For instance, unlike the ER 
group, TH type receptors are all nuclear receptors and not associated with heat shock 
proteins. Moreover, TR can bind to DNA in the absence of ligand, but cannot activate 
target genes. In fact, in the absence o f  TH, the TR frequently silences basil promoter 
activity by inhibiting the formation o f  a pre-initiation complex (Tsai & O’Malley, 1994).
This silencing ability has been shown to have a role in genetic thyroid hormone 
resistance (GTHR). While this disorder greatly compromises ligand binding, Bam'ahmad, 
Tsai, O’Malley, and Tsai (1992) demonstrated that both types of mutant receptors 
involved retained the silencing ability and thus became dominant negative regulators. In 
contrast, Nawaz, Tsai, and O’Malley (1995) showed that specific TR mutations could 
abolish the silencing function, indicating the presence o f a corepressor and suggesting
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that hgand binding domain regions for hormone attachment, transactivation and silencing 
are all separable and distinct. The effect o f silencing function was revealed when mice 
lacking all TRs were less severely altered than mice lacking TH. The major difference in 
the two phenotypes was the presence o f unoccupied receptors in the mice with TH 
deficiency (Reviewed by Hu and Lazar, 2000). On another note. Smith, Conneely and 
O’Malley (1993) elicited ligand-independent activation o f ER using dopamine, and 
suggested that ligand-independent activation may occur in other steroid hormone 
receptors as well. Clearly a multitude o f factors are involved in receptor 
transactivational activity, the mechanisms o f which are not yet imderstood.
It is known that target cells contain two types o f thyroid receptors, TRa and TRP 
coded by different chromosomes, and there are isoforms for each that are tissue specific. 
TRP is coded on chromosome 3 and TRa is coded on chromosome 17. O f the four 
isoforms, (as reviewed by Brent, 1994) TR pi, TRP2, and T R al bind avidly to T3. TRa2 
is believed to inhibit transcriptional effects of the other three isoforms. T R pi and T R al 
are present in most tissues, however TRP2  is restricted to the pituitary gland and some 
areas o f  the CNS. In genetic thyroid hormone resistance (GTHR) the defective gene is 
the TRp on chromosome 3. This would affect both T R pi and TrP2, and possibly alter 
negative feedback. Certain TRp receptors located in the hypothalamus and pituitary have 
a higher affinity for T4 (see McKinney, Fannin, Jordan, Chae, Rickenbacher, &
Pederson, 1987) and binding to these receptors mediates synthesis o f TRH and TSH 
effectively completing long and short negative feedback loops for the TH system (see 
figure 3).
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Biotransformation o f Thvroid Hormones 
Most receptors however, have much higher affinity for T3, requiring deiodinases 
to cleave an iodine from T4 before entering or just inside the target cell (Hadley, 1985). 
There are three types o f  deiodinases specific to certain body regions. Type I 
iodothyronine 5’-deiodinase (5’D-I) is found widely throughout the body, but is 
specifically localized in the kidneys and liver. Type II (5’D-II) is specific to the brain and 
brown adipose tissue, and Type m  (5’D-m) is responsible for deiodinating the inner ring 
of thyroid hormone rendering it inactive. High concentrations o f 5’D-III are found in the 
brain, liver and kidneys. Although similar in action. Type II is much faster acting and is 
resistant to chemicals (such as propylthiouracil) that render the other types inactive 
(Martin, 1985).
Metabolic processes primarily in the liver also serve to clear the body of thyroid 
hormones. Both T3 and T4 undergo successive deiodinations. Sulfation precedes and 
accelerates diiodothyronine deiodination. All metabolites can be conjugated with 
glucuronate and to a lesser extent sulfate. The products along with small amounts o f  free 
hormones are secreted in the bile and excreted via the bowel, as shown on figure 3..
Some conjugates can be hydrolyzed by intestinal enzymes and be reabsorbed in the 
entero-hepatic circuit. Kidneys have a lesser role, but they too can participate in 
deiodination and excretion o f  TH (Goodman, 1994).
Role o f Thyroid Hormones 
Thyroid hormones (THs) exert effects in almost every tissue o f  the body 
throughout life. Two major roles o f thyroid function are in the regulation o f metabolism
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and in developmental processes. In thermogenesis THs stimulate mitochondrial oxidative 
phosphorylation. Through the induction o f several enzymes, TH increase activity o f  the 
sympathoadrenal system, enhance hepatic conversion of carotenes to vitamin A, and 
increase the rate o f intestinal glucose absorption (Hadley, 1996, p.298-301). Under 
normal conditions TH exert greater influence on some enzymes than on others, thereby 
accomplishing a metabolic balance o f  the organism as a whole. They accelerate 
cholesterol degradation in the liver and facilitate glycogen storage in the brain and 
myocardium (Brent, 1994; Martin, 1985). In both adults and children critical levels of TH 
are essential for proper function.
Differences in thyroid function due to age are primarily seen in developmental 
roles. Maturation o f  brain, lung, heart, and intestine during fetal and early postnatal life 
are dependent on TH. During this time period the brain has more T3 receptors than at 
any other stage (Brent, 1994). T3 participates in the regulation of neuron proliferation, 
synaptogenesis, myelinogenesis and the accumulation of muscarinic and bioamine 
receptors (Koibuci & Chin, 2000). It is postulated that TH may control CNS development 
by increasing nerve growth factor and protein synthesis in the brain (Hadley, 1996, p.290- 
313; Martin, 1985). The specifics of how TH effects brain function are not known, 
however children with deficits in TH at this stage have difficulties with attention, activity, 
and general cognitive functions (Haddow et al,. 1999; Hauser et al., 1997; Matochik et 
al., 1996). Influence on the ‘set points’ for the human pituitary-thyroid negative feedback 
system (Welch, Hocking, Franklin, & Whittle, 1998) has been attributed to TH, as has 
auditory development in rats (Goldey & Crofton, 1998). In the lungs, T3 contributes to
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the mediation o f  fatty acid synthesis and that o f surfactant Here too, receptor numbers 
are highest just before birth. Maturation o f  the liver is also associated with a steady 
increase in TH receptor number (Brent, 1994).
As children grow, TH initiates bone elongation and maturation via its relation 
with somatotropin (STH). THs are required for both the synthesis and action o f  STH. It is 
believed that TH initiates cell differentiation by the stimulation o f hyaluronidase 
production. It is very probable that TH is required for the synthesis of prolactin (PRL) by 
the pituitary, and acts in concert with PRL in mammary gland development at puberty 
(Hadley, 1996). Cooper and Kavlock (1997) report that prepubertal increases in 
thyroxine inhibit follicle-stimulating hormone secretions and halt Sertoli cell 
proliferation. Unlike perturbations o f TH during adulthood or in general growth, the 
effects o f TH dysfunction during reproductive and brain development appear to be 
irreversible.
Comparative Thyroid Phvsiologv 
The brain of most mammalian species is relatively immature at birth and 
undergoes morphological, physiological and biochemical maturation several weeks or 
months after birth. These changes are so extensive as to be nearly analogous to the 
anuran transformation and both processes are largely dependent on thyroid hormones 
(Grave, 1977). In a  review Houser et aL (1998) report that from conception to 12 weeks 
in humans (and through the 17* embryonic day in rats) the source o f thyroid hormones is 
entirely maternal via the placenta. During this time developmental events affected by 
thyroid hormones are brainstem and cerebral neurogenesis. During weeks 12-40 o f
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
21
gestation in humans (17-21 days in rats), neurodevelopment is influenced by both 
maternal and fetal thyroid hormone. Major events occurring in this phase such as 
neurogenesis, neuronal migration, neurite formation and synaptogenesis are extremely 
sensitive to thyroid hormone concentrations. In the posmatal critical period from birth to 
2  years in humans (birth to day 2 1  in rats) the neonatal thyroid gland is the source o f  
thyroid hormones, which influence neuronal maturation, cerebellar development, 
myelination and glial cell proliferation, as well as maturation throughout the central 
nervous system. Influences on the brain must be exerted during time-limited critical 
periods, and hormones must be present in precise concentrations.
The rat is a good species to use to investigate problems o f  the human thyroid 
system, however there are some known differences. Mature rats (and mice) do not have 
thyroid binding globulin. Thus, more free hormone is subject to metabolism and removal 
from the body. As a result, the half-life of T4 is about 1-24 hours in a rat compared to 6-7 
days in humans, and the half-life o f T3 is about 6  hours compared to 1 day in humans. 
They compensate for this increased turnover rate by secreting 6-10 times more TSH. 
Although female rats secrete 2 times more TSH than males do, human genders are equal 
in TSH concentrations. Rat follicular cells tend to be more cuboidal and slightly higher 
than humans (EPA 1998). Sagvolden, Pettersen, and Larsen (1993) evaluated 5 different 
rat strains for an ADHD animal model, and found the Long Evans variety to be one o f  the 
most active. Therefore observed hyperactivity in this strain would be a significant 
finding.
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Mechanisms o f  PCB/Thyroid Hormone System Interaction 
PCBs are thought to interact with the thyroid hormone system via several 
mechanisms. Three general categories o f postulated interference exist: 1) morphological; 
2) en^miatic; and 3) receptor mediated. (The specific points o f interference are 
illustrated on figure 3 in the gray shaded areas.) Both hyper- and hypothyroid conditions 
can over activate the thyroid gland producing morphological changes (Hadley 1996). In 
thyroid glands o f rat pups exposed to PCB 118 or 153, Ness, Schantz, Moshtaghian, & 
Hansen (1993) reported changes suggestive o f sustained TSH stimulation including 
increased vacuolization and height o f follicular cells, increased nuclear vésiculation, and 
decreased colloid area. Collins, Capen, Kasza, Carter, and Dailey (1977) correlated 
structural alterations in follicular cells with serum T4 concentrations in adult rats 
exposed to higher doses o f Aroclor 1254. Minimal residual effects were noted after 
dosing ceased and T4 concentrations returned to normal.
Lightly chlorinated ortho-substituted congeners and their metabolites can act 
through subtle and diverse mechanisms because o f  the multiple paths vulnerable to 
disruption by their structure (Brouwer et al., 1998; Hansen, 1999). For instance, 
desulfation and deiodination appear to be very important pathways for free hormone 
regulation in the fetal compartment. A wide range o f hydroxylated PCB metabolites can 
inhibit thyroid hormone sulfation (reviewed in Brouwer et al., 1998). Since these 
metabolites tend to accumulate in the fetal compartment, free TH concentration 
regulation can be compromised (Schuur et al., 1998). Further, THs cross the blood brain 
barrier and enter the fetal brain as T4, rgi^iiring type H deiodinase (5D-II) for conversion
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
23
to T3 (Oppenheimer & Schwartz, 1997). Increases in the activity o f this enzyme have 
been reported along with lowered brain T4 concentrations following PCB exposure in 
rats. It is not yet known whether this is in response to decreases in T4 entering the brain 
or a direct interference in enzyme activity (Porterfield & Hendry 1998). In addition, 
maternal T4 can be reduced by the induction of UDP-glucuronidation in the liver by PCB 
metabohtes (Li, Rhine, & Hansen, 1998; Lund et al., 1999).
Plasma transport proteins specific to THs are also thought to play important roles 
in TH system regulation. T4 concentrations were severely reduced in animals exposed to 
a tetraPCB, (Brouwer & Van Den Berg, 1986) and structure activity relationships 
revealed that a hydroxy-group in the meta or para positions with one or more adjacent 
halogen substituents perpetuated high affinity binding and T4 displacement fi-om 
transthyretin (TTR). It has been suggested that TTR plays an important role in the 
delivery of T4 through the placenta and across the blood brain barrier, thus facilitating the 
delivery of TH imposters via TTR to the fetal compartment where they cannot be 
eliminated and accumulate to high levels (Brouwer et al., 1998).
Another mechanism suggested by Porterfield and Hendry (1998) based on the 
similarity between TH structure and PCB congeners with three chlorine substitutions (See 
Figure 2). These compounds could interact by competing with T3 for the receptor site, or 
possibly by direct interference with the DNA, such that the complex could not bind to its 
hormone response elements and inhibit the hormone’s gene expression. In the same way, 
PCBs or PCB metabolites may compete with T4 to bind the TRs in the brain associated 
with the TH negative feedback system. Stimulation o f  these receptors inhibits production
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o f  TSH (Brent, 1994). Thus, in addition to decreasing plasma TH concentrations, PCB 
congeners or their metabohtes could reduce TH synthesis and release by binding to these 
receptors when in fact, T4 may be insufficient. This theory is advanced by research from 
McKiimey et al. (1987) which demonstrated that para-hydroxylated PCB metabolites 
bind 10-fold stronger to T4 receptors in nuclear extracts than T4 itself. The same 
mechanism could be occurring in genetic TH resistance, (GTHR) since the gene mutated 
in this condition codes for the beta type TH receptors, some o f which are T4 sensitive 
(Brent, 1994). Patients with GTHR present with elevated T4 concentrations and 
inappropriately normal or elevated TSH levels (Behrman, Kliegman, & Jenson, 2000, p. 
1697). Over 70% o f children bom with GTHR are diagnosed with attention deficit 
hyperactivity disorder (ADHD) at a later age (Matochik et al., 1996). Although most 
children with ADHD do not have GTHR, Toren, et al. (1997) found many to have mildly 
elevated T4 levels. This could due to an up regulation o f  the beta type TRs in utero, 
raising the set point for TH negative feedback in response to lowered fetal THs as 
described by Welch, et al. (1998).
Attention Deficit Hyperactivity Disorder 
ADHD, a disorder unheard of 50 years ago, now affects up to 20% of our children 
(Lie, 1992). Due to the symptoms o f disinhibition (hyperactivity), memory loss, and 
associated learning disabilities, ADHD may represent an endpoint from exposure to 
persistent synthetic chemicals (Colbom, vom Saal, & Soto, 1994). The incidence, type 
o f  symptoms, and associated comorbidity vary geographically (Jensen, Martin, &
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Cantwell, 1997), but the etiology is essentially unknown. From a historical perspective, 
(reviewed in Schachar, 1986) ADHD has i ts  origin in the late 19th century when 
physicians observed the association o f  behaivioral symptoms following an insult to the 
brain such as infection or head injury. T hey  coined this constellation o f  behaviors, ‘brain 
damage syndrome’. By the late 1940s physicians promulgated the notion that these 
behaviors could themselves be indicative off brain damage. Over time, behavioral 
symptoms without a history o f  a brain insu lt became a more frequent occurrence. This 
phenomenon became known as minimal b ra in  dysfunction (MBD). MBD was used to 
designate children not only with a particulair set o f behaviors, (usually hyperactivity) but 
with learning deficits and minor neurologic signs.
Diagnosis
Due to increasing incidence o f unexplained MBD, the 1970s witnessed the 
emergence o f a classification system for behiavior disorders, and by 1980 specific criteria 
were established for diagnosing what was tlmen called ADD, attention deficit disorder 
(Shaywitz & Shaywitz, 1989). The criteria (show n in Table 1) described in the American 
Psychiatric Association’s diagnostic manuaL (DSM-IV) denotes attention deficit disorder 
as a mental disorder with two kinds o f symprtoms; those involving inattention and 
distractibility, and those with hyperactivity o r  impulsive behavior. The three variants 
defined in the manual are an inattentive type, a disinhibited type, and a combined type. 
Those having both hyperactivity and inattention, (combined) are by far the most 
common, and make up 85% o f  cases. For tlmis reason the preferred term has become 
ADHD. Russell A. Barkley (1998) noted expert in the field, questions whether these
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groups o f symptoms are variants o f  a  single disorder, since the children in each are so 
different. Those with only symptoms o f inattention, for example, are more likely to be 
shy and withdrawn. Their symptoms appear later (age 8  to 12), the prognosis is better, but 
they are less likely to respond to stimulant medications. Whereas hyperactive children are 
more hostile and aggressive, more likely to become juvenile delinquents, but 95% 
respond well to stimulants. The majority of both groups suffer from some form of 
learning disability.
Diagnosis is problematic since there are no standard tests (laboratory, radiological 
or other) to establish ADHD. Nelson Textbook o f Pediatrics (Behrman, Kliegman, & 
Jenson, 2000, pp. 100-103) suggests that psychometric tests, such as the Wechsler 
Intelligence Scale for Children (WTSC), or the Wide Range Achievement test may be 
useful in establishing the diagnosis, but admit that results have been inconsistent. Some 
hyperactive children have significantly lower IQ scores than others matched for age and 
grade level, while a few studies have demonstrated that hyperactive children have higher 
than normal verbal scores on the WISC. The only concrete advice offered in Nelson 
(Behrman, et al., 1997) is to administer specific tests for learning disabilities to those 
children in question. Taylor (1997) recommends the use o f rating scales in the form of 
questionnaires to be given to the child’s caretakers, i.e. parents, teachers, or day care 
providers.
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Table 1
Diagnostic Criteria for ADHD from DSM-IV.
Six or more persistent symptoms in either category:.1
Inattention
Fails to give close attention to detail; careless mistakes 
Difficulty sustaining attention 
Does not seem to hsten when spoken to 
Does not follow through; fails to finish 
Difficulty organizing
Avoids, dislikes tasks requiring sustained mental effort 
Often loses things 
Easily distracted 
Forgetftd
Hyperactivity
Fidgets, squirms 
Leaves seat
Runs about or climbs excessively 
Difficulty playing quietly 
Often “on the go”
Impulsivity
Blurts out answers 
Difficulty awaiting turn 
Interrupts or intrudes on others
In addition, clear evidence o f symptoms must be present before age 7, cause significant 
impairment in 2  or more situations, and must not be exclusively attributed to another 
disorder.
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Pathophysiology
It is believed that the severity o f ADHD symptoms vary widely in affected 
children and adults as a result o f  several pathologic processes in similar areas o f the brain 
(Barkley, 1997). Abnormalities in brain structures in human patients with ADHD have 
been noted on magnetic resonance imaging (MRI) (Castellanos et al., 1996), single 
photon emission computed tomography (SPECT) (Amen et al., 1993), and quantitative 
electroencephalography (QEEG) (Kuperman, Johnson, Arndt, Lindgren, & Wolraich, 
1996) in the same regions where dopamine decreases were found in laboratory animals 
following PCB exposure (See Seegal, Shain & Bush 1990). This area o f the brain 
contains the caudate nuclei and integral elements of the cortical-striatal-thalamic loops 
that subserve executive function.
Subsequent studies using MRI have found the normal right>left caudate 
asynunetry reversed in boys with ADHD, as well as the normal decrease in caudate size 
with age to be absent, although total brain volume in affected boys was 5% less than age 
matched controls (Castellanos et al., 1994). In addition to confirming these observations 
Castellanos, et al. (1996) reported smaller right globus pallidus, smaller right anterior 
frontal region, smaller cerebellum, and reversal of normal lateral ventricular asymmetry 
in boys with ADHD. These findings were consistent with the hypothesis that ADHD 
reflects right hemispheric dysfunction and is suggestive o f diminished synaptic 
redundancy at early periods o f  development. Speculation exists that an early fetal event 
affecting normal development o f  brain asymmetry is involved in ADHD etiology.
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In an investigation to relate these affected brain regions to function, Casey and 
Trainor, et al. (1997) correlated performance on response inhibition tasks with MRI based 
measures o f frontal striatal brain structures. Prefrontal regions correlated with attentional 
control and basal ganglia with motor control. A Go-No-Go task related activity in 
orbitofrontal and anterior cingulate cortices with the number o f false alarms or 
disinhibition (Case and Castellanos, et al., 1997). While most ADHD brain research has 
been done with boys, similar studies using MRI (including the Go-No-Go task) with 
ADHD diagnosed girls demonstrated the same impairment in executive function as has 
been reported for boys, implying a similar pathophysiology for both sexes (Castellanos et 
al., 2000). Why so many more boys than girls are diagnosed remains a mystery.
The fact that many children bom with a defective thyroid hormone receptor are 
diagnosed with ADHD (Matochik et al., 1996), has led to a theory o f  genetic or thyroid 
system origin, which Hauser et al. (1998) suggest may be related to exposure to thyroid- 
disrupting synthetic compounds. While the mode o f inheritance remains unspecified, 
siblings o f ADHD children run an estimated 30% chance of having ADHD, and in twins, 
this rate rises to about 50% (Sherman, lacono, & McGue, 1996). Interestingly, Levy,
Hay, McStephen, Wood, and Waldman (1997) found little or no statistically significant 
differences observed in heritability correlation between monozygotic and dizygotic pairs, 
suggesting the shared pre- and peri-natal environment may be more important than 
genetics in ADHD etiology.
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Objectives
In theory, periodic pulses in PCB concentrations could occur during pregnancy 
either from dietary intake (fish meals) or due to the breakdown o f adipose tissue (to meet 
increased fetal demands) with release o f  stored PCB compounds, or both. Small 
increases in PCB concentrations may alter THs minimally and cause no maternal effects. 
However, slight depressions in TH concentrations during critical times o f  fetal brain 
development could explain some o f  the subtle neurological dysfunctions occurring in 
childrerL The varied symptomatology and comorbidity associated with ADHD incidence 
could be the result o f timing and geographic area of exposures to PCBs.
Mechanistically, the severity o f  effects from exposure to extremely low 
concentrations o f  PCBs present in the enviromnent may be due the compounds’ ability to 
alter TH in several ways simultaneously. While congeners may displace T4 from binding 
proteins in the serum, PCBs or PCB metabolites could also be binding to T4 receptors in 
the brain. Binding at these sites might induce the negative feedback system, decreasing 
TH synthesis, and also may be able to extinguish the silencing effect, which further 
negates TH synthesis. This combination o f mechanisms may explain how relatively low 
concentrations o f PCBs could alter THs during gestation to the point where fetal effects 
are occurring.
Thus, a study was designed to investigate these theories o f the relationship 
between PCB exposure, thyroid hormones and behavioral problems such as ADHD using 
an animal model. The study was based on the following hypotheses: First, after exposure 
to a low dose o f Aroclor 1016 during gestation, offspring will exhibit altered
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development and ADHD-type behavior. These effects will be due to a decrease in TH 
concentrations (maternal and fetal) at critical times of brain development. Depressed T4 
concentrations may not necessarily correspond to increases in TSH. Furthermore, the 
effects to development will be eliminated or attenuated with thyroxine supplementation.
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METHODOLOGY
This research was approved by the University o f Nevada, Las Vegas Institutional 
Animal Care and Use Committee via protocol R993-0697-131.
Animals
Timed pregnant Long-Evans hooded rats were obtained from Harlan Sprague 
Dawley, Inc. (Indianapolis, Indiana) on gestational day (GD) 4. Rats were housed singly 
in shoe box style cages in an AAALAC approved animal facility. Laboratory conditions 
consisted o f  a light-dark cycle of 12 hours, a temperature range o f 21-23 degrees Celsius, 
and a constant 35% humidity. Throughout gestation rat dams were fed Purina certified 
rat chow ad libitum and were weighed and handled daily.
Dosing
After a 3-day period o f acclimation, 28 timed-pregnant rat dams were randomly 
divided into two main groups. One group was dosed with 2.5 mg/kg/day via 
intraperitoneal (IP) injection of Aroclor 1016 (diluted with Mazola com oil) on 
gestational days 7-13. This dose was the lowest at which neurodevelopmental effects 
occurred in previous animal studies, (reviewed in Tilson, et al., 1990) and could feasibly
32
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be seen following years o f intermittent fish consumption in human populations (reviewed 
in Gerstenberger, et al., 2000). Although the greatest perinatal exposure to PCBs occurs 
posmatally via lactation, (Crofton, Kodavanti, Derr-Yellin, Casey, & Kehn, 2000) 
symptomatic neurological effects appear more closely related to gestational exposure 
(Jacobson & Jacobson, 1996). This is probably due to the immaturity o f the fetal blood 
brain barrier along with the postnatal induction o f uridine diphosphoglucuronosyl 
transferases (UDGPTs) that enable the neonate to eliminate toxicants (reviewed in 
Brouwer, et al., 1998). The other group received the same volume (based on weight) of 
saline IP over the same time period and served as controls. Half o f each main group (7 
randomly chosen dams) were given levo-thyroxine sodium (Aldrich Chemical, 
Milwaukee, Wl) supplements, for a total o f four dose groups: A, Aroclor only; B, both 
Aroclor and thyroxine; T, thyroxine only; and S, saline only.
Levo-thyroxine supplements o f 20pg/liter o f  deionized drinking water were given 
on gestational days 7-21. Water bottles were measured and intake in ml was calculated 
daily for each dam. The actual dose each animal received was calculated by multiplying 
the concentration o f L-thyroxine by the 24 hr intake and dividing this by the animal’s 
body weight for the same time period. At the end o f  the 14 day dosing period the actual 
dose was 2.89 pg/kg/day, which was slightly above our goal of 2pg/kg/day, but was 
considered fairly accurate due to the minor leakage that occurs after animals drink firom 
this type o f bottle. A complete dosing schedule including route of administration, type o f 
administration and actual doses is given in Table 2.
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Table 2.
Dosing o f timed-pregnant Long-Evans rats.
Group, Dose: IP Dose:
(No. Dams) Aroclor 1016 or saline L-thyroxine or D1 water
A
Aroclor (7) 2.5mg/kg on GD 7-13 Pure D1 water GD 7-21
B-
Aroclor + 
Thyroxine (7)
2.5mg/kg on GD 7-13 2^g/kgTDl H 20 GD 7-21
T-
Thyroxin (7) 0.1 cc saline GD 7-13 2^g/kg/DIH 20GD7-21
S -
Saline (7)
O.lcc saline GD 7-13 Pure D1 water GD 7-21
Collection o f Blood Samples 
Thyroid hormone concentrations (T4, T3, TSH) were monitored in dams on GD 
14, posmatal day (PND) 1, and at sacrifice on PND 24. Pup hormone concentrations were 
monitored at each cull date, postnatal days 4, 24, and 62. On GD 14 and PND 1 blood 
collection was done via tail clipping. Each rat dam was placed in acrylic rodent restraint 
cylinder (Maryland Plastics) with tail extending through slot in tailplate. The tail surface 
was cleansed with alcohol and clipped with sterile scissors approximately 1  inch fi'om 
the end. Several drops o f blood were collected fi'om each rat and pooled by group in one
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vacutainer tube per group. Total amount collected ranged from 0.5-2.5 ml per group. 
After the procedure, gentle pressure and anticoagulant powder was applied to the tail end 
before returning the rat to the home cage. All rats tolerated this procedure well. No 
bleeding was noted later in the day, and the rats remained easy to handle. Blood was 
centrifuged and the serum was pipetted into microcentrifuge tubes which were placed in 
a freezer at '80° C until analysis. The rest o f the samples were collected via trunk blood 
at the time o f sacrifice. Animals were killed via decapitation following COj 
administration, and bleeding (trunk blood) from the severed neck vessels was 
immediately collected in vacutainer tubes. On PND 4 litters were culled to 8  pups per 
dam. Trunk blood from the sacrificed pups was collected and pooled to yield 2 samples 
per group. Trunk blood was collected on non-pregnant dams which were sacrificed and 
dissected on PNDs 0 , 6 , and 13. Trunk blood was collected in vacutainer tubes. The 
blood was centrifuged and the serum collected and stored as described above. Samples 
were sent to Wright Pattereson Air Force Base EPA lab for analysis.
Hormone Analysis
The following serum thyroid hormone levels were determined according to the 
following priority: thyroid stimulating honnone (TSH), total thyroxine (T J, 
triiodothyronine (T 3 ). Assays for T4 , T 3 , and TSH were performed using radioimmuno­
assay (RIA) kits according to manufacturer’s standard procedures. Samples and 
standards were run in duplicate. Assay kits from the same batch number and with the 
same expiration date were used for all thyroid hormone or TSH measurements in this
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study. Tj RIA assay kits were purchased from Diagnostic Product Corporation (Los 
Angeles, CA) and canine T3  antibody coated tubes were used. T4  RIA assay kits were 
purchased from Diagnostic Product Corporation (Los Angeles, CA) and rabbit T4  
antibody coated tubes were used. TSH RIA assay kits were purchased from Amersham 
Corporation (Arlington Heights, IL) and lyophilized rabbit anti-rat TSH serum and 
Amerlex-M second antibody (donkey anti-rabbit serum coated onto magnetized polymer 
particles containing sodium azide) were both used. Tracer ( ‘“ I') radioactivity was 
measured with a gamma counter (Packard Instrument Co., Meriden, CT).
Developmental Landmarks 
The time o f appearance o f  developmental landmarks can be good indications o f 
future neurological functioning (Levine, Carey, & Crocker, 1999). Home cage 
observations were made and recorded for both dams and pups and included observations 
such as: clonic/tonic seizures, vocalizations, gait, piloerection, weaning behavior, water 
consumption, weight gain, and other elements o f  behavior. Pups were tested in two 
phases. The first phase included PND 0 through PND 21 with records kept on litters only. 
The second phase o f  testing included PND 21 through 60, and data were recorded on 
individual rats. Offspring were observed for selected developmental landmarks 
including total number o f  pups per dam, male to female sex ratios, survival index, eye 
opening, incisor eruption, pinna unfolding, surface righting, and negative geotaxis as 
described in Norton (1986) for all groups.
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On the day o f  birth pups were sexed, counted and the live birth index was 
determined for each litter. Survival index was computed at 24 hrs and at 4, 7, 14 and 21 
days o f age. On PND 4 litters were culled to 8  pups per dam. Fostering between litters 
but within dose groups was done as necessary to get 4 females and 4 males per dam.
Pinna unfolding was observed on PNDs 5-7 and recorded as the percent of pups with 
bilateral piimas unfolded per liter. Pups were counted for incisor eruption and recorded 
as a percentage o f the litter with any eruption on PNDs 9, 10 and 11. The percentage o f  
pups per litter with both eyes opening was recorded on PNDs 15, 16 and 17.
Time in secs to right when placed supine (or surface righting) was observed and 
recorded for 1 pup picked randomly from each litter on PND 1 and 6 , and for 1 pup o f 
each sex per litter on PNDs 7 and 13. Negative geotaxis was determined by placing the 
pup head pointing down on a 45 degree sloped screen and recording the time in secs it 
took for the rat to orient itself head up. This was done for 1 male and 1 female randomly 
picked from each litter on PNDs 6-12. Reflex suspension times were determined for a 
pup o f each sex in all litters on PNDs 7, 13 and 17 by placing the pup where it could 
grasp a small rod, (1.85 mm in diameter) with their forepaws and suspend themselves 
with no other support. The time in secs until they released their hold was recorded.
Behavior Tests
On PND 22 and 60 a modified Functional Observational Battery (FOB) similar to 
that described by Moser, McCormick, Creason & McPhail (1988) was used to monitor 
home cage observations, ease o f handling, foot splay, startle response, grip strength, and
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open field behavior via a figure 8  maze for all offspring rats. Home cage observations 
included posture, clonic and tonic convulsions, vocalizations, palpebral closure, 
lacrimation, piloerection, and salivation. These tests are more specific measures o f  the 
neurologic functions often affected in ADHD, such as motor control, mood and behavior 
response to novel situations. Startle response also evaluates auditory development, which 
has been shown to require fetal thyroid hormones.
Foot splay, a  measure o f motor ability, was recorded by painting the rats' 
hindlimbs with tempera paint. Rats were held parallel to a landing surface and released 
from a height o f 30 cm onto a sheet o f paper. The initial foot placement was circled and 
the distance between hindlimb marks measured for two trials. Grip strength (designed by 
Dr. J. Mattson, Dow Chemical) consisted o f a bench plate (30 cm X 23 cm), a forelimb 
bench (7.6 cm high X 25 cm long), screen (22 cm X 14 cm), and gauge support 
mounted on a clear plexiglass base plate (60 X  26 cm). The fore- or hindlimbs o f the rats 
were placed squarely on the wire mesh attached to the gauge. The rat was pulled 
backward until it released the mesh. The resistance to the pull was measured in 
kilograms with three trials recorded.
Startle Response
Startle response (SR) system (San Diego Instruments, San Diego, CA) chambers 
were used to elicit a stereotypic motor response to a sudden intense stimulation for 4 
males and 4 female pups from each dose group. SR equipment measures response to both 
acoustic (118 dB for 300 msec) and tactile (air puff at 15 psi for 20 msec). The SR 
chambers consisted o f a rodent enclosure contained in an isolation cabinet. The
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cylindrical rodent enclosure was transparent acrylic and adjusted in length. Each 
enclosure permitted testing the animal with minimal restraint. Each animal was placed in 
the chamber and after a one minute acclimation period, was subjected to six audio, six 
tactile and six inhibitory prepulse stimuli delivered randomly. Stimuli were elicited 
repetitively for habituation to occur. The an im al's  response was recorded using a 
computer digitizer from a piezo disk that converted movement to an electrical signal.
Figure 8  Maze
Open field is one o f the most commonly used tests to assess activity levels. 
Impulsive rats have been shown to be more active in open field, and in fact most studies 
o f ADHD animal models have included the test (Puumala, Ruotsalainen, Jakala,
Koivisto, Riekkenin, & Sirvio, 1996). The apparatus used for an open field test can vary 
from simple simulated novel environments to more complex systems as described by 
Jessa, Nazar, Bidzinski, and Plaznik (1996). Motor activity for all rats in this study was 
determined using a figure - 8  maze (F8 M, San Diego Instruments), which consisted o f  a 
plexiglass maze with a wire mesh floor. Eight infrared beams positioned around the maze 
recorded rat movement by beam breaks that were counted and summed every 5 min for a 
period o f 30 min. Four male and female rat pups from each group were tested in the F 8 M 
on PNDs 12, 17,20, and 59.
5-Choice Serial Reaction Time Test 
The 5-choice serial reaction time task was found to be useful in identifying those 
animals with attention deficit and concurrent hyperactivity. Puumala et al. (1996)
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demonstrated that methylphenidate (Ritalin) improved the attentional performance and 
decreased impulsivity o f the rats identified by this model. The apparatus (MED- 
Associates, Inc., Lafayette, Indiana) consisted o f a 25 X 25 cm aluminum chamber with a 
curved rear wall. Set in the wall were five 2.5 cm^ holes, 2.2 cm deep and 2.5 cm above 
the floor. Each hole was equipped with an infrared photocell beam crossing the entrance 
vertically, illuminating a photoelectric cell. A 3-W bulb house light was mounted high on 
the opposite (front) wall. Food pellets (45 mg) were dispensed automatically into a 
magazine at the front o f the chamber. The distance from the front wall to the illuminated 
holes at the rear was 25 cm. The device was housed in a dark, sound attenuating cubicle, 
and is equipped with on-line control (MED-PC, Pascal) and data collection via 
microprocessors. Tests were done as described in Puumala et al,. (1996) with some 
parameter adjustment to accomodate juvenile rats. The specific procedure used is given in 
Appendix I.
All rats were food-deprived overnight or for at least 6  hrs before training or 
testing. Three training sessions were completed before testing 6  rat pups (3 males, 3 
females) from each dose group. On PND 28 rats were magazine trained (session 1) by 
being placed in the chamber for 1 0  minutes with the house light out and the magazine 
containing food pellets. Before rats were fed the next day they were placed in the 
chamber for 1 0  minutes and a food pellet was delivered every 1 0  seconds with the house 
light on (session 2). In session 3, one o f the holes (#3) was illuminated for the entire 10 
minute period and each time the rat made a response (nose-poke) in the lighted hole, it 
was reinforced by the delivery of a food pellet on the panel. This phase was repeated
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daily until rats had elicited 10 or more pellets within at least half o f  the responses. The 
majority o f  rat pups were considered trained by PND 41 and all were tested on PND 42..
For the test session rats were placed in the test chamber for 15 mins. The first 
trial was started with the delivery o f a single food pellet followed by a fixed delay 
(intertrial interval, ITI) o f 5 secs.. The light stimulus of 3 secs was presented in each of 
the holes for an equal number o f  times during each complete session, the order of 
presentation being randomized by the computer. Responses by the rat into the 
illuminated hole (and for 5 secs after illumination) were rewarded with the delivery o f a 
pellet A response in any other hole or no response resulted in a 4 sec punishment period 
o f darkness. Responses made in the holes during the ITI were recorded as premature, and 
responses made in the (food) panel were recorded as perseverative responses, both o f 
which resulted in a period o f  darkness. The latency between onset o f  the stimulus and 
response was measured, as was the latency to collect the food pellet earned.
Statistical Analysis
Standardization of litter size and sex distribution was done to accommodate a 
smaller ‘n ’ as uniform data can be analyzed with more robust statistical tests (Cox,
1994). Although members o f  the same litter must be combined and treated as an ‘n ’ of 
one, averaging within litters decreases error and raises statistical power (Holson, & 
Pearce, 1992). Data fi-om lab books and behavioral software were entered into Excel 
(Microsoft 97) spreadsheets and group means with standard deviations were graphed for 
each parameter. After entry accuracy was checked by another person, data was pasted
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from Excel into SPSS (Version 7.5) software program for advanced statistical analysis. 
Exploratory analysis consisted o f pairwise comparisons by dose group and boxplots for a 
visual display o f data distribution. The test used, as well as any overall test or individual 
group significance (p=.05 or less) obtained from advanced statistical tests was then 
entered on the excel graphs where indicated.
Differences in dam weight gain were determined as percent o f body weight 
increase using a one way analysis o f variance (ANOVA), as were differences in the 
number o f pups per litter. A CHI square test was run to determine differences in 
male/female ratios between dose groups using the saline group as the expected ratios. 
Kilmogorov-Smimov or Shapiro-Wilk tests indicated that most o f the data were not 
normally distributed. Therefore, all developmental landmarks and behavior tests were 
analyzed statistically using a general linear model (GLM) for repeated measures to reveal 
group by day effects. Dunnett’s post hoc tests were done when indicated. The saline 
group was used as a control for post hoc tests, when there were no significant differences 
between the saline and thyroid control groups.
Means o f  all observed developmental events (survival index, pinna unfolding, eye 
opening, incisor eruption, surface righting, negative geotaxis, and reflex suspension) 
recorded as percents (of each litter) were compared using a GLM repeated measures 
model looking for variance between sex and group by day effects. Analysis o f foot splay 
data group variance included both the average splay measured and average trial 1 /trial 2  
differences. Although activity over time (trend in beam break number) in each F 8 M  test
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was averaged and graphed for each group, the statistical test (GLM repeated measures) 
was performed for total beam breaks per test (or day) averaged per group.
Startle response system data were examined in several stages. A  GLM 
multivariate ANOVA was performed for each test day comparing all parameters 
(beginning response, maximum response, time to maximum response, and average 
response in volts) across dose groups for audio, tactile and IP startle. Next habituation 
was assessed for each group using standardized T-tests for trial 1/trial 6  variation, and by 
running a  GLM repeated measures across dose groups for the maximum and average 
startle o f  each type (audio, tactile, IP) for each o f the two test days. Finally, the two 
startle response tests were compared against each other across dose groups using a GLM 
repeated measures analysis for the maximum response after audio, tactile and IP 
stimulation.
The means for 5-choice task variables were calculated (correct and incorrect 
responses, premature hole responses, latencies) and compared for the sexes o f  each dose 
group using GLM 2-way ANOVAs. The ‘total responses’ variable was used as a measure 
o f  activity level. In addition, variable means were compared for association using 
Pearson’s correlation coefficients. M ean accuracy (correct responses/total responses) per 
group was determined for the 5-choice training sessions, and compared using GLM 
repeated measures. Trends in both accuracy and activity levels were graphed for the 
training time period.
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STUDY FINDINGS 
There were no significant differences between dose groups and controls in dam 
weight gain during gestation. Two dams in the A (Aroclor 1016/Pure DI water) group 
failed to deliver any pups. Necropsy revealed enlarged ovaries for both dams with 10-12 
implantation sites in one and 1-2 in the other. Another dam in the same group rejected 
her pups, leaving only 4 litters in the A (Aroclor 1016 unsupplemented group.) Figure 4 
shows the overall survival rate for the Aroclor group just slightly above the level of 
significance when compared to the saline group. Although total number o f pups per litter 
did not differ across groups, dams that received Aroclor singly had a significantly 
reduced number o f male offspring (Figure 5). When litters were culled to 4 males and 4 
females there were not enough males in this group which limited one litter to 3 males 
and 5 females. Results o f perinatal hormone analysis o f pooled samples for dams and 
pups are given in Tables 3 and 4, respectively. Results for the saline group compare 
similarly to those o f  control rats in other studies. T4 for normal controls ranged from 1.8- 
4.75 pg/dl, while T3 results for dams averaged 120-150 ng/dl and 20-50 ng/dl for pups 
(Juarez de Ku, Sharma-Stokkermans and Meserve 1994; Goldey, et al. 1995; CookeJZhao 
and Hansen 1996; Crofton, et al., 2000) .
44
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Figure 4. Survival index in rats exposed to Aroclor 1016 
singly or in combination with L-thyroxine during 
gestation. Doses given in Table 2.
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Figure 5. Male/female ratio in litters after maternal exosure 
to Aroclor 1016 singly or in combination with L-thyroxine. 
Doses given in Table 2.
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Table 3.
Serum thyroid hormone analysis in dams exposed to Aroclor 1016 singly or in 
combination with L-thyroxine.*
Dose Groups' Thyroxine 
(T4 in p-g/dL)
Thyroid Stimulating Triiodothyronine 
Hormone (ng/mL) (T3 in ng/dL)
day GD 14 PND 1 GD 14 PND 1 PNDl
Aroclor 1016 3.14 2.98 3.33 2 .2 2 ** 86.98**
Aroclor +T4 3.34 3.16 3.86 2.93 NS
T4 3.42 4.13 5.46 3.34 155.44
Saline 2.51 3.72 3.08 4.98 144.64
*See Table 2 for exact doses. NS=Non sufficient quantity o f serum to run test. 
** serum from 1 adult female on PND 6
Table 4
Serum thyroid hormone concentrations in 4 day-old rat pups after maternal exposure to 
Aroclor 1016 singly or in combination with L-thyroxine.*
Dose
Groups-
Thyroxine 
(T4 in pg/dL)
Thyroid Stimulating Triiodothyronine 
Hormone (ng/mL) (T3 in ng/dL)
sex Male Female Male Female Male Female
Aroclor 1016 NC 2.39 NC 3.92 NC NS
Aroclor +T4 2 . 1 1 2.69 2.57 4.04 NS NS
T4 2.47 2.63 4.04 3.54 NS 22.71
Saline 2.85 3.01 2.91 4.12 NS 20.45
*See Table 2 for exact doses. NC=None culled. NS=Non sufficient quantity o f serum.
'Except where indicated samples are pooled consisting of N=7 per group/pooled sample. 
^Pooled samples o f culled pups, N~12/group except where indicated.
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Developmental Landmarks 
After receiving Aroclor 1016, pinna unfolding and incisor eruption (Figures 6  and 
7) were delayed, while the group receiving both the Aroclor and L-thyroxine (B)exhibited 
no significant differences in these endpoints compared to controls. No overall effect was 
observed in eye opening however, as seen in Figure 8 . Rat pups exposed to Aroclor 1016 
alone had significantly delayed surface righting times (Figure 9) and were slower at 
negative geotaxis, (Figure 10) but exhibited longer reflex suspension at the earliest age o f 
testing (Figure 11). These alterations were not present in those dosed with Aroclor 1016 
and supplemented with thyroxine (B). Although not statistically significant, all other 
endpoints examined including dam weight gain, number o f offspring, and pup weights 
showed similar trends with greater delays in developmental landmarks after Aroclor 
exposure which were not present in the group supplemented with L-thyroxine (data not 
shown). There were no significant differences between the genders in any o f the 
developmental landmarks, although there was some within group variability, as evident 
in larger error bars. This was more pronounced in both o f the thyroid supplemented 
groups (B, T). A summary table located in the appendices (section H) lists all tests, F and 
p values, and trends for all study parameters.
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Figure 6 . Pinna Unfolding in rats exposed to Aroclor 1016 
singly or in combination with L-thyroxine during gestation. 
Doses given in Table 2.
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Figure 7. Incisor eruption in rat pups afer maternal exposure to 
Aroclor 1016 singly or in combination with L-thyroxine. Doses 
given in Table 2.
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Figure 8 . Eye opening in rat pups after maternal exposure 
Aroclor 1016 singly and in combination with L-thyroxine. 
Doses given in Table 2.
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Figure 9. Surface righting in rats exposed to Aroclor 1016 
singly or in combination with L-thyroxine during gestation. 
Doses given in Table 2.
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Figure 10. Negative geotaxis in rats exposed to Aroclor 1016 
singly or in combination with L-thyroxine during gestation. 
Doses given in Table 2.
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Figure 11. Reflex suspension in rats exposed to Aroclor 1016 
singly or in combination with L-thyroxine during gestation. 
Doses given in Table 2.
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Behavioral Tests
Average foot splay (Figure 12) was wider for pups in the Aroclor exposed group 
than all other groups, but no significant variation was noted between groups in trial 1  to 
trial 2 difference. In general, average beam breaks in the figure 8  maze were highest after 
maternal exposure to Aroclor 1016, however not significantly. Typical figure 8  maze 
results are shown in Figure 13 for PND 17. Response to startle stimuli tended to be 
highest in both groups exposed to Aroclor during gestation (groups A and B). On PND 21 
(Figure 14) group B responded significantly more (to IP startle) than the saline group, 
whereas on PND 61 (Figure 15) pups in group A exhibited greater responses to both IP 
and tactile startle stimuli. Although habituation to the startle stimuli appeared to occur in 
all but the A group in 21 day old pups, (shown for audio startle in Figure 16) the same 
rats tested at age 61 dayt. (Figure 17) reveals a much greater habituation response in all 
groups. An examination across the six trials on all tests for both test days (Figure 18) 
indicated that habituation occurred least fi-equently in the group exposed to Aroclor 
alone, (16%) as compared to the other groups with habituation rates o f  67-83%. At 
times all dose groups varied significantly fi'om the saline control group on the individual 
parameters measured, (beginning response, maximum response, time to maximum 
response, and average response). Table 6  in Appendix II shows that most variation in 
individual parameters was higher voltage responses (than the saline group) and groups 
that varied most often were both thyroid supplemented.
In contrast to the startle response system data, the 5-choice serial reaction time 
task did not vary significantly between dose groups in any aspect. Although pups exposed
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to Aroclor alone made the least correct responses, accuracy for all groups was very low. 
Figure 19 shows the average for the group with the most correct responses to be only 4.3 
in 15 minutes. Unlike the increased activity levels in the figure 8  maze and startle 
response, the Aroclor exposed group exhibited the least movement (nose pokes) in the 5- 
choice task (Figure 20). In addition, pups in group A were least accurate during the 5- 
choice training sessions as seen in Figure 21. The other groups (including group B) 
exhibited greater accuracy and tended to improve with time.
Although by PND 60 male pups outweighed females by about 100 grams, there 
was not much variation between sexes for the behavioral tests. As expected, males 
averaged greater grip strength and wider foot splay, but had only slightly greater 
responses in the startle chambers, and did not significantly differ from females in the 5- 
choice task. Within group variability persisted in the behavioral test analysis, and was 
significant only for the thyroid supplemented groups in some o f the startle and 5-choice 
analyses.
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Figure 12. Foot splay in rats after maternal exposure to 
Aroclor 1016 and/or L-thyroxine. See Table 2 for exact doses.
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Figure 13. Activity of 17 day old rats in figure 8  maze after
maternal exposure to Aroclor 1016 and/or L-thyroxine.
n=8 /group. See Table 2 for exact doses.
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Figure 14. Startle response in 21 day-old  rats after maternal 
exposure to Aroclor 1016 with or w ithout L-thyroxine. n=8/group. 
Exact doses given in Table 2.
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Figure 15. Startle response in 61 day-old  rats after maternal 
exposure to Aroclor 1016 with or w ithout L-thyroxine. Exact doses 
given in Table 2.
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Figure 16. Audio startle habituation in 21 day old rats after after 
maternal exposure to Aroclor 1016 and/or L-thyroxine. Exact doses 
given in Table 2. n=8/group. No significant between group variance, 
error bars omitted.
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Figure 17. Audio startle habituation in 61 day old rats after after 
maternal exposure to Aroclor 1016 and/or L-thyroxine. n=8/group. See 
Table 2 for doses. N o significant between group variance, error bars 
omitted.
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Figure 18. Habituation rate for all tests on startle response system in 
rats after maternal exposure to Aroclor 1016 and/or L-thyroxine. See 
Table 2 for exact doses.
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Figure 19. Correct responses in 5-choice task for rats after maternal 
exposure to Aroclor 1016 and/or L-thyroxine. N=8/group. Exact doses given 
in Table 2.
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Figure 20. Total responses in 5-choice task for rats after maternal 
exposure to Aroclor 1016 and/or L-thyroxine. n=6/group. See Table 2 for 
exact doses.
80
70
60
50
40
30
20
10
0
Aroclor —Aro+Thy
-  Thyroxin Saline
PND 32 PND 33 PND 34 PND 35 PN D  36 PND 37
Figure 21. Accuracy in 5-choice training for rats after maternal 
exposure to Aroclor 1016 and/or L-thyroxine. N=6/group. See Table 2 for 
exact dosing.
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CHAPTERS
DISCUSSION
Reduced survival rates and delayed developmental landmarks after exposure to 
PCBs during gestation were not unexpected, as several other studies have generated 
similar data, (Goldey et al. 1995, Beattie et al. 1996, Holene et al. 1998) and these 
behavioral observations have been standard indicators o f developmental neurotoxicity 
(Reviewed in Weiss and O’Donoghue 1994, Jacobson et al. 1984). While thyroxine 
supplementation has been found to ameliorate some effects o f postnatal PCB exposure in 
the rat, (See Cooke, Zhao and Hansen 1996, Juarez de Ku, et al., 1994) the finding that 
low dose oral L-thyroxine supplementation during gestation attenuated all developmental 
delays experienced by offspring o f the Aroclor 1016 dosed animals is significant and 
unique to this study. Results support the hypothesis that TH status during discrete 
windows of time in utero could be a major factor in PCB-induced neurological 
abnormalities. In addition, the supplementation o f  L-thyroxine to PCB exposed rats could 
provide some insight into thyroid-related toxicities.
58
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Development and Thyroid Hormones 
Research by Goldey and Crofton (1998) found that thyroxine replacements given 
daily to pups by injection lessened motor and auditory effects from gestational exposure 
to Aroclor 1254 (See also Goldey et al. 1995). In their study Aroclor 1254 ( 8 mg/kg) 
induced earlier eye opening, which was exacerbated by postnatal T4 supplementation. 
This prompted them to suggest that this alteration was not due to the PCB induced 
hypothyroidism. Recent research by Crofton, et al. (2000) did show that depressed 
circulating T4 concentrations from lower doses o f Aroclor 1254 (0-6mg/kg) given during 
gestation, did not affect the age o f eye opening. Early eye opening has been postulated to 
result from aryl hydrocarbon (Ah) receptor activation by dioxin-like compounds,
(Schantz et al. 1997) and subsequent enhancement o f epidermal growth factor (EDF) 
signaling pathways (Aulerich et al. 1988). Aroclor 1016 did not alter age o f  eye opening 
as did the higher chlorinated Aroclor 1254 which also has a greater proportion o f Ah 
receptor agonists. The distinct congener content o f the two Aroclors results in different, 
frequently opposing effects including actions on other hormone systems and on P45G 
oxidases (Hansen 1998, Jansen et al. 1993).
Differences in L-thyroxine dose, (route and time o f administration) between the 
two studies can also account for differing effects. Goldey and Crofton (1998) 
supplemented T4 during the posmatal period at 100//g/kg body weight, which may 
suggest to some that our dose o f 2 //g/kg/day given to dams may have been too low. 
However, the continuous T4 oral supplementation (in drinking water) appears to be more 
efficacious in rats than large bolus supplements. Goldey and Crofton's large dose o f  T4
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only elevated hormone concentrations for 6  hours post injection, which is evidence o f the 
very short half life for thyroid hormones in adult rats due to a  lack o f  thyroid binding 
globulin. Conversely, thyroxine under dosage in our study is improbable because o f the 
consistent decrease in developmental delays seen in our PCB exposed rat pups that were 
supplemented with T4.
Figure 8  shows that pups from dams given thyroxine only (group T) tended to be 
slowest in eye opening, (although not significantly) the opposite o f  what has been seen m 
Goldey and Crofton's 1998 study. Our intent with thyroxine supplementation was to 
reestablish euthyroidism in the chemically exposed rats, without causing 
hyperthyroidism, or severe effects in the thyroid control group. In their study o f the effect 
o f  thyroid hormone on rat testis, Cooke, et al. (1996) found supplementation doses o f 20- 
50//g/kg/day of thyroxine produced a hyperthyroid state even when given in combination 
with thyroid lowering compounds. Since exophthalmos has long been associated with 
thyrotoxicosis in juvenile mammals, (Norris 1997) early eye opening may be specifically 
indicative o f this type o f severe hyperthyroidism, and adds support to the belief that 
timing o f developmental mechanisms is critical.
Gender Imbalance
Due to structure-activity relationships, PCB mechanisms o f  action are believed to 
be congener specific (Hansen 1999, Seegal et al. 1990, Shain et al. 1991). Released into 
the environment as mixtures and often with other contaminants, Aroclors are trans­
formed as they move in the food chain. As a result, effects o f  environmental exposures, 
are probably a balance o f  the combined actions o f  individual congeners, (and other
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chemicals) that can often be opposing, and not very predictable (Gerstenberger 1996).
The gender imbalance favoring females in the Aroclor 1016 dosed litters may be one 
example.
In previous studies with rats, aromatase activity was reduced when exposed via a 
diet o f PCB contaminated fish, (Gerstenberger et al. 2000) and when dosed with Aroclor 
1254 (Hany, et al. 1999). By inducing the conversion of 17P-estradiol to testosterone, 
aromatase plays an important role in masculination. However, no significant changes in 
sex ratios were reported in either o f these studies. In fact, very few studies have reported 
significantly altered sex ratios in relation to PCB exposure. Frogs living in areas 
contaminated more heavily with PCBs and furans (PCDFs) had significantly greater 
proportion of males than females, while other populations in less contaminated areas 
were female-dominated (Reeder et al. 1998). The opposite effects o f  Aroclor 1016 (fewer 
males) and the contaminated lake (fewer female frogs) can be related directly to the 
dominant properties o f the components o f the mixtures. The mixture found in soils near 
the masculinized frog populations had a high TCDD equivalency and would be expected 
to possess net antiestrogenic activity (Li and Hansen 1996, Reeder et al. 1998). In fact, 
when Ah receptor agonists were removed, the mixture was weakly estrogenic (Li and 
Hansen 1996). The reduced proportion o f males following gestational exposure to 
Aroclor 1016 suggests that it may possess estrogenic properties, consistent with the 
similar Aroclor 1242 (Jansen et al. 1993) or antiandrogenic properties.
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Behavioral Analysis 
While developmental data were quite definitive, behavior test results were less 
indicative of thyroid mediated PCB effects. Perhaps this is because developmental 
landmarks provide a gross measure o f neurological function and the behavior tests are 
more specific. Levine, Carey, and Crocker (1999) urge physicians to assess early 
developmental landmarks in human infants, as delays can be the first indication o f most 
specific neurological disorders o f which early treatment is beneficial. There were less 
significant group differences in the specific behavioral tests, but there was also more 
within group variability making differences between groups less obvious. Since the 
within group variability was primarily in the thyroid supplemented groups, more than 
likely this was due to the use o f drinking water to administer the drug. The ad libitum 
nature o f this route allows for individual differences in both amounts and times of 
exposure, factors that are known to be very specific and critical during gestation.
As might be expected pups in group A were slightly weaker on average in grip 
strength and minimally more active the figure 8  maze, though neither measure showed 
significant variability fi'om the other groups . Both tests are the result of a balance 
between the animal’s true motor performance and a natural fear o f unknown 
circumstances (Gerlai & Clayton, 1999). Studies have shown the latter may have greater 
influence over the PCB exposed group, affecting results. For example, the larger foot 
splays in group A (figure 12) could be an example o f  the over reaction to negative stimuli 
found by Daly, Hertzler, and Sargent (1989) in rats exposed to PCBs via a diet o f PCB 
laden lake salmon. This concept is further supported by the greater average response o f
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the Aroclor exposed pups to IP and tactile startle stimuli (shown in figure 15). The most 
striking results firom the startle response system is that pups from the Aroclor exposed 
group rarely habituated to any type of startle, while the other three groups exhibited 
habituation consistently (see figures 15-17). Habituation, was one measure that correlated 
negatively with PCB exposure in the Jacobsons’ cohort o f infants whose mothers 
consumed contaminated Great Lakes fish Jacobson, Fein, Jacobson, Schwartz, & Dowler, 
1985). The group with the highest maternal exposure did the poorest in Fagan’s test of 
visual recognition memory.
In other startle parameters (Table 6  in Appendix 11) however, the groups that 
differed from the saline controls significantly and most frequently were both the thyroid 
supplemented groups. This may indicate that our dose of thyroxine was too high 
(although 50 times lower than other smdies reported) and supplemental dosing o f TH 
should be done more precisely and with great caution. The intended dose o f  2pg/kg was 
exceeded to 2.89p.g/kg on average when water intake was calculated, an increase of 
almost one third. Audio startle results demonstrated that all groups had auditory function, 
as expected. Using cross fostering o f dosed and control litters after exposure to Aroclor 
1254 during gestation, Crofron, et al. (2000) determined that the postnatal period is most 
critical for auditory development in rats. Rovet, Ehrlich, and Sorbara (1992) found this to 
be true for humans as well, in their retrospective study o f children diagnosed with 
congenital hypothyroidism (CH). Those not treated after birth had diminished auditory 
discrimination abilities, whereas those who were supplemented with thyroid hormone 
soon after birth had normal auditory function. The authors concluded that prenatal
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hypothyroidism affected motor development primarily, while TH deficiency in early 
infancy affected visuomotor and auditory discrimination. Despite early treatment 
however, children with CH still had subtle selective neurocognitive deficits and a greater 
likelihood o f  attentional problems due to hypothyroxinemia in utero.
Our Aroclor exposed group could be labeled inattentive in the 5-choice task due 
to under activity and inaccuracy on average compared to the other groups. But, 5-choice 
task performance in general was disappointing because all groups did poorly. To the 
author’s knowledge, this test had only been done once before by Puumala, et al. (1996) 
on adult rats. The degree o f association between different variables (Pearson’s 
correlation coefficients) was almost identical to those o f  Puumala and colleagues, so it 
can be concluded that the apparatus itself was functioning properly. However, parameters 
had to be modified for juvenile rats and it is most probable that the pups were too young 
to successfully perform the task. In a  study o f  a similar task (Go-No-Go task) Casey et al. 
(1997) found that normal children did significantly worse than adults, but had much 
greater activity in the prefiontal brain as measured on MRl. This region is thought to be 
where inhibitory mechanisms develop and what Dempster (1992) suggests accounts for 
age-related differences in cognitive behaviors. Since the 5-choice task operates on the 
same principles as the Go-No-Go task, it has promise o f  becoming a valuable tool in 
ADHD research and the field neurotoxicology.
Serum Hormone Concentrations 
Due to the small total number o f dams in our study, animals could not be 
sacrificed to analyze serum hormone concentrations, so tail clips were done and the
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serum pooled per group. Results of the pooled samples (tables 3 ,4 ) are all in the low 
normal range. Lightly chlorinated congeners have been found to have more transient or 
pulsatile appearances in serum analysis and are likely to fluctuate with diet and in 
remobilization as adipose is periodically broken down. Therefore, one measurement may 
not show related TH fluctuation in the lowered phase. Constant TH monitoring may be 
necessary to capture the minimal hormone disturbance that may be resulting in subtle 
neurological problems like ADHD.
Generally, if  thyroid hormone concentrations are low, for instance due to 
increased clearance rates, TSH will be high. While studies o f rats exposed to PCBs 
during pre- and posmatal periods have demonstrated depressed T4 concentrations, in 
most studies (Reviewed in Brouwer et al 1998) T3 was less affected and compensatory 
elevations in TSH concentrations were not consistently found (See Morse et al. 1996).
The theory o f T3 concentrations affecting TSH secretion under these circumstances was 
ruled out by Hood and Klaassen (2000). However, developmental exposure to PCBs has 
also been shown to induce a thyromimetic (or antithyroidal) effect on the expression o f 
thyroid hormone-responsive genes in the developing rat brain in the presence o f (PCB- 
induced) depressed hormone concentrations (Zoeller et al. 2000). From this, one can 
speculate that PCBs or metabolites of PCB congeners could bind to thyroid receptors 
(TR) in the brain involved with the negative feedback system. Thus, in addition to 
decreasing plasma TH concentrations via other established mechanisms, PCBs or their 
metabolites could reduce thyroid hormone synthesis by binding to these TRs in the brain 
and inhibiting production and release of TSH. This theory is advanced by research from
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McKinney et al. (1997) which demonstrated that para-hydroxylated PCB metabolites 
bind 10-fold stronger to T4 receptors in nuclear extracts than T4 itself.
Although no significant conclusions can be made firom our pooled hormone 
analysis, it appears to be consistent with this theory. Table 3 results show an expected rise 
in both TSH and T4 in the saline control group from GD 14 to PND 1, which is 
characteristic during the latter part of mammalian gestation. In humans this has been 
associated with increased thyroid hormone binding capacity o f serum (Glinoer, et al., 
1990). Rats lack thyroid binding globulin and compensate for shorter thyroid hormone 
half lives by secreting higher levels of TSH (US EPA 1998). Thus, the rise in TSH and 
T4 during gestation is probably more pronotmced. In our dams given thyroxine alone, T4 
concentrations rose from GD 14 to PND 1, while TSH concentrations fell during that 
same time period, indicating a functioning thyroid system negative feedback loop. The 
opposite occurred in a concurrent study where dams exposed to ammonium perchlorate 
with lowered T4 concentrations had elevated TSH levels (Gerstenberger & Tripoli, 
submitted). However, this was not the case in the Aroclor dosed groups where T4 and 
TSH concentrations dropped from GD 14 to PND 1 regardless o f T4 supplementation. 
Furthermore, while the pooled T4 concentrations in 4 day-old pups from the Aroclor 
dosed dams were lower than those in the other groups, TSH were not correspondingly 
higher (Table 4). The fact that lowered T4 did not correspond to a rise in TSH in these 
groups is consistent with interference in the hypothalamic-pituitary thyroid axis.
Human GRTH lends credibility to the brain TR binding theory as well in that the 
disease is due to a mutation o f the gene that codes for the TRP (Houser et al. 1997). This
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is particularly applicable because alterations in catecholamine neurotransmitters have 
been implicated in the pathogenesis o f  ADHD; and lightly chlorinated congeners of 
which Aroclor 1016 is composed, have been shown to depress brain concentrations o f  
dopamine (Seegal et al. 1990, 1991). Hence, this is possibly contributing to the 
overwhelming response o f children with ADHD to stimulant medications.
Conclusions
The hypotheses that rat pups would exhibit altered development and behavior 
after gestational exposure to Aroclor 1016 were demonstrated in this study. Since 
thyroxine supplementation attenuated those effects, it can be postulated that the Aroclor 
mixture (at 2.5 mg/kg/GD 7-13) altered materaal/fetal thyroid status. Additionally, it can 
be assumed that thyroid hormones are an essential component to the timing of the 
appearance o f  those developmental landmarks and behavioral changes affected. While 
pinna unfolding, incisor eruption, surface righting, and negative geotaxis (Figures 
6,7,9,10) are most likely thyroid dependent, THs are probably not critical to eye opening 
and reflex suspension (Figures 8,11). However, induced hyperthyroidism may alter these 
responses. Furthermore, alterations in the affected developmental landmarks predicted 
deficits in more complex behavior, such as motor activity, (Figures 12,13) startle 
response (Figures 14,15) and habituation (Figure 18). This has implications for human 
health, as evidenced by the dysfunctional relationships o f  those with ADHD, which 
continues throughout their lives.
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This evidence supercedes actual serum TH concentrations which were limited in 
number, and could not rule out the hypothesis that TSH may not respond to PCB 
associated depressed T4 concentrations. The most significant study finding however, is 
related to TH concentrations. Despite there being no evidence that actual serum TH 
concentrations were significantly altered, a supplemental T4 dose 50 times smaller than 
used in other studies dramatically attenuated or eliminated effects. This accentuates and 
supports the assertion that very specific amounts o f TH are necessary in the developing 
rat pup at critical times for normal neurodevelopment. This is very significant as it can 
be applied to other pollutants such as lead whose effects are similar and very 
controversial.
In addition, it is clear that supplementation of thyroxine to laboratory animals 
should be at much lower doses than recently presented in the literature, as 
hyperthyroidism may be inducing adverse effects previously thought to be attributable to 
PCB exposure (Crofton, et al., 2000). Oral administration via drinking water, while not as 
precise, appears to be the most efficacious route of administration for rats. In fact, results 
may be conservative due to within group variability. The reasons for this include the 
much shorter half life o f thyroxine in rats. But this route is also most likely to be more 
protective in covering all critical periods when subjected to chronic exposures, and this 
can apply to other species. Moreover, research such as this suggests that thyroid hormone 
concentrations in the low normal range during critical times in  fetal development may 
result in subtle but permanent neurobehavioral dysfunction. While this makes thyroxine 
supplementation very appealing as a potential protective/preventative technique, it also
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implies severe caution in dosing and administration routes due to the potential toxicity 
associated with hyperthyroidism. Clearly, this research needs to be expanded to include 
dose/response relationships with respect to supplementation during gestation and take 
into account the route o f administration.
The depression o f thyroid hormones and the ensuing neurodevelopmental effects 
associated with PCB exposure are most likely due to the multiple mechanisms associated 
with maintaining thyroid homeostasis. These include mechanisms that increase TH 
clearance rates, (increases in deiodination, glucuronidation, and replacement from serum 
binding proteins) along with simultaneous interference in the negative feedback system 
(replacement from hypothalamic TRP binding sites with alterations in set points). The 
attenuation o f developmental delays by L-thyroxine has obvious implications for the 
understanding of developmental effects in maternally exposed populations, and certainly 
warrants further examination. The efficacy o f Levo-thyroxine to prevent or minimize 
developmental and behavioral effects in maternally exposed rodent populations has 
provided an excellent foundation from which to systematically pursue such issues.
Recommendations and Future Studies 
The animal model represented in this study could serve as a potential benchmark 
design for testing thyroid altering chemicals. Manipulating toxicant doses and timing o f 
exposures could allow accurate predictions or demonstrations o f the ability of a chemical 
or mixture to alter normal development and behavior. This, in combination with the T4 
supplementation could be usgd as a aandard protocol to assess the potential o f new and
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existing chemicals to alter thyroid status. Mechanistically, individual chemicals with 
known actions could be administered and standardized developmental and behavioral 
tests in accordance with known mechanisms could be instituted. Whether altered thyroid 
status associated with gestational PCB exposure relates to ADHD remains unclear, but 
the current study certainly justifies an investigation o f available human data.
Future research could better illustrate the mechanisms involved in PCB related 
hypothyroxinemia as well as demonstrate or rule out an association between PCB 
exposure and ADHD. Further toxicological studies using rats should include an 
additional (lower dose) Aroclor 1016 (0.5 mg/kg/day) group and an additional lower dose 
L-thyroxine (1-1.5pg/kg/day) group. Each group should have double the number o f 
animals in order to obtain a significant number of serum samples for TH and TSH 
analysis, and to sample several times during gestation. The sampling protocol should 
include initial serum analysis prior to dosing, a serum collection during dosing when the 
source o f  THs to the fetus is entirely maternal, and a final sampling when THs are 
produced by the fetus as well (GD 17-21). This would better document any T4 depression 
and illustrate the T4/TSH relationship and possible PCB mechanisms at the level o f TH 
negative feedback system. In addition to samples o f pups on PND 4, serum for THs 
should be analyzed at weaning, PND 45 and PND 60 to investigate whether T4 
concentrations are elevated compared to controls due to up-regulation o f  TRs during 
gestation.
To incorporate the ADHD type behavior symptoms, the 5-choice task should be 
administered using the same parameter settings, but when the pups are older (PND 60)
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and repeated using the default settings as adults (PND 90). In addition, the study should 
be multi-generational, mating dosed animals with all possible combinations and repeating 
the study observations with the offspring. This approach would better simulate a realistic 
environmental exposure scenario.
The global presence o f a TH-altering chemical, (the health effects o f which are 
unclear) certainly warrants better tracking of human health. The list o f  reportable diseases 
to public health departments should include those suspected o f being related to 
environmental contaminants, and those with unexplainable increases in incidence such as 
ADHD, asthma and others. For now, a look at existing human data seems warranted. A 
national program to screen infants for TH status has been in effect for decades. Blood is 
taken from infants shortly after birth and again within two weeks to determine T4 
concentrations. This data is stored at regional US. Public Health Service laboratories and 
could be used to examine the relationship between THs and ADHD. Patients (20-30) 
diagnosed with ADHD could be recruited during routine office visits by local physicians. 
Following the recruitment o f an ADHD patient, a matched control o f the same age and 
gender should be recruited. This type of random selection o f  controls is discussed by 
Darville, Lonky, Reihman, and Daly (1996) as the only way to maximize the probability 
that groups are equivalent on any unknown confounds. Once both groups are recruited, 
the neonatal thyroid hormone screening results for both groups o f  children can be 
compared using a Student’s paired T-test.
Furthermore, the public health laboratory could provide a  data set consisting of all 
newborn thyroid screening tests done in the county during a time period comparable to
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the birthdays o f the recruited patients. This comparison should be used as a reference set 
and is justified by Darville et al. (1996). They recommend limiting the study to a 
geographically defined area to help to minimize a number o f potentially confounding 
variables. Public health agencies keep extensive records. By tapping into this source, a 
researcher is able to compare the sample to the population on a large number o f potential 
confounds. Additional comparisons could be done comparing the reference distribution 
with TH screening data firom 20 years ago or the present to look for any trends in TH 
concentrations which may or may not be present in other geographic regions. If  such 
trends exist, the possibility they are due to environmental pollutants can be investigated.
Results of the current study suggest that routine screening o f  pregnant women for 
thyroid status would be of utmost importance, and along with it a review of the ‘normals, 
range for TH in this special population, considering recent evidence o f the severity of 
effects that slight alterations of THs has on fetal brain development. A thorough 
examination o f the interactions and feedback o f circulating thyroid hormone 
concentrations in the bloodstream, pimitary, and hypothalamus seem warranted, 
especially during pregnancy.
On a broader scale, regulations to prevent widespread distribution o f persistent 
chemicals should be enforced. This may require fundamental reform which is beyond the 
scope o f this work. Good first steps would be to adopt the precautionary principle, which 
revolves around the simple concept that “it is wise to avoid unnecessary risk,” (McGirm, 
2 0 0 0 ) and then act on ‘weight o f  evidence’ rather than waiting for absolute proof 
(discussed in Schetter, Solomon, Valenti, & Huddle, 1999). At the very least, regulatory
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testing o f new (and untested synthetic) chemicals should routinely integrate 
developmental and neurobehavioral evaluations of multi-generations. Further, the trend 
toward ever more specialization has its place in science, but can hamper our ability to see 
the entire scope o f a problem. Physicians, who have access to vast amounts o f health data, 
have scant knowledge o f PCBs, and most chemists have never heard o f ADHD. This 
research is and example of the importance of interdisciplinary education and 
collaboration in the investigation o f the complex problems confronting us today.
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5-Choice Serial Reaction Time Task
This apparatus was designed as an attentional task to screen animals to use for a model o f  
attention deficit and concurrent hyperactivity. Puumala et al. (1996)^ demonstrated that 
methylphenidate (Ritalin) improved the attentional performance and decreased im pulsivity o f  rats 
identified by this device. Our equipment (MED-Associates, Inc., Lafayette, Indiana) consists o f  a 
standard operant test chamber with a curved rear wall. Set in the wall are five 2.5 cm  square holes, 
2.2 cm  deep and 2.5 cm above the floor. Each hole is equipped with an infiared photocell beam 
crossing the entrance illuminating a photoelectric cell. A  3-W  bulb at the rear to provide 
illumination. A  3-W  house light is mounted high on the opposite (front) wall. Food pellets (45 
mg)are dispensed automatically into a magazine at the front o f  the chamber. The distance from the 
front w all to the illuminated holes at the rear are all 25 cm. The device is housed in a dark, PVC 
sound attenuating cubicle, and is equipped with on-line control (MED-PC, Pascal) and data 
collection via microprocessors. Tests w ill be done similarly to that described by Puumala et al. 
(1996).
Procedure
A ll rats must be food-deprived overnight or for at least 6 hrs before training or testing. Ideal 
training session time is 15 mins every day, however rats can be trained in 10 minute sessions and 
a day skipped occasionally. Training can take 7-21 days depending on these factors and the 
experimental dose.
Session One: Magazine train rats by placing in the chamber for 15 minutes with the house
light out and the magazine containing 20-30 food pellets.
Session Tw o: Using program CRTT l place rats in the chamber for 15 minutes and a food 
pellet w ill be delivered every 10 seconds with the house light on. Repeat this session for three days 
consecutively.
Session Three Placerais in chamber under program CRTT_2.In this phase, one ofthe holes 
(#3) is illuminated for the entire 15 minute period and each time the rat makes a response (nose- 
poke) in the lighted hole, it will be reinforced by the delivery o f  a food pellet. Rats are considered 
trained when they have elicited 10 or more pellets and this constitutes about 1/3 to V2. o f  t o t a l  
r e s p o n s e s .
Test Session (CRTT 3)Rats are placed in te chamber for 15 mins. The first trial w ill then 
begin with the delivery o f  a single food pellet followed by a fixed delay o f  5s (intertrial interval, 
ITI). The light stimulus for 0.5s* w ill be presented in each ofthe holes for an equal number o f  times 
during each complete session, the order o f  presentation being randomized by the computer. 
Responses by the rat into the illuminated hole (and for 3s* after illumination) w ill be rewarded with 
the delivery o f  a pellet. A  response in any other hole or no response w ill result in a punishment
^Puumala T et al. 1996. Behavioral and pharmacologic studies on the validation o f  a new animal 
model for attention deficit hyperactivity disorder. Neurobiology o f  Learning and Memory 66(2): 
198-211.
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period o f  darkness (4s). Responses made in the holes during the ITI w ill be recorded as premature, 
and responses made in the pellet dish will be recorded as perseverative responses, both o f  which 
result in a period o f  darkness. The latency between onset o f  the stimulus and response w ill be 
measured, as w ell as the latency to collect the food pellet earned.
*These default time settings need to be modified at first to 3s stimulus presentation and 5s 
maximum response time. A s rats improve, gradually decrease length o f  stimulus to the default o f  
0.5s and maximum response time to 3.5s. Rats under 45-60 days o f  age are tested at these easier 
settings.
Operation of Software
In W indows activate the MED-PC program and choose MED-PC for w indows. M ake sure 
Smart Control panel and power supply interface switches are on.
Under 'File' click on 'open session', and fill in the subject ID and group. Group should be 
designated as a number rather than a letter
Press on 'OK' when this is complete.
N ex t click  on 'configure' then 'change variables' if  appropriate. You can change the stimulus 
presentation tim e, for instance by clicking on 0.5, and overwriting. When this is com plete, press 
issue' then 'close'.
A gain under the tab 'configure' you m ay choose 'beep when session complete'. This is also 
where you w ill "shut beep o ff' at the end o f  the session
To start the session you must go into 'configure' again and click on 'signals'. O nce there, 
click on the number(s) o f  the boxes running. (Right now this will only be box 1.) Press ‘ issue’ and 
the test w ill begin and beep when finished.
Data is automatically saved to the C drive under C:\wmpc.mpc.data. All data for one day 
is stored under one filename that contains the date in the last 3 digits. Files can be converted to excel 
spreadsheets by going into MPC2XL.
Converting Data to Excel
Open an excel spreadsheet and place curser where you want the data to appear.
Then open MPC2XL to th e ‘transfer data' t a b  a n d  c l i c k  t h e  ‘s e l e c t ’ b u t t o n  
u n d e r  ‘row  transfer’. Choose the session format o f  the files you wish to convert ie. C R T T l ,  2, 
or 3.
Check ‘labels’ and make sure ‘data’ is checked. Orientation should be ‘horizontal’.
N ext select ‘transfer’ and click on one (or more) data files. The data will be transferred by 
clicking the ‘OK’ button.
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TABLE 5.
SUMMARY OF STATISTICAL ANALYSIS
Parameter
Developmental Observations (*denotes significance)
Statistical Test F P Trend/Post Hoes
Dam % wt. gain 
(gestation)
1-way ANOVA 0.714 0.554 Group A  lowest mean % wt 
gain, group B highest.
Dam % wt. gain 
(postnatal)
1 -way ANOVA 0.918 0.450 Group A  lowest mean % wt 
gain, group T highest
# Pups per dam 1-way ANOVA 1.225 0.324 Group A fewer ave # pups/ 
litter, group S most pups.
Male/Female
ratio
CHISQ Test 
group S used as 
‘expected’
NA < . 0 0 1
0.213
0.084
Group A* 
Group B 
Group T
Litter wts. GLMRM ' 0.925 0.447 Group A mean wts. greatest. 
Group B lightest.
Pup wts. GLMRM 1.047 0.376 Group B mean "wts. greatest. 
Group T lightest.
Survival Index GLMRM
PC-
1.233 0.323 Group A* < S, T & B 
(p=.051, .022, .055) in PC
Pinna unfolding GLMRM 11.243 < . 0 0 1 Group A* delayed PND 5 
(p=.019), PND 6  (p=.001)
Eye opening GLMRM 1.739 0.191 Group S earliest, group T 
latest.
Incisor eruption GLMRM 9.471 < . 0 0 1 Group A ’*' delayed (p<.001) 
forPNDs 10&  11.
'General Linear Model for Repeated Measures, group by day analysis. 
^Pairwise Comparisons between dose groups.
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Developmental Observations cont. (*denotes significance)
Parameter Statistical Test F P-value Trend/Post Hoes
Surface Righting GLM RM, PC 1.318 0.296 In PC to group S, group A* 
slower (p=.024) on PND 6 .
Reflex
suspension
GLM RM, PC 1.798 0.180 In PC to group S, group A* 
longer (p=.001) on PND 7.
Negative
geotaxis
GLMRM 9.558 < . 0 0 1 Group A* took longer 
(p=.001) on PND 7.
Behavioral Tests (*denotes significance)
Parameter Statistical Test F P-value Trend/Post Hoes
Foot splay-Aves. 
Trial Diffs.
GLMRM 3.605
1.205
0 . 0 2 1
0.319
Group A* larger (p=.026) on 
PND 22.
Grip strength
forelimb
hindlimb
GLMRM
2.415
1.199
0.081
0.323
Groups B & S generally 
stronger than groups T & A.
Figure 8  Maze GLMRM 2.245 0.105 Group A generally more 
active than all other groups.
Startle Response 
trial 1 - 6  effects 
PND 21
Audio
Tactile
IP
GLMRM
2.555
2.706
9.494
.069
.058
. 0 0 0
S less response, A&T most. 
S least response, T most 
B .000, T.003 greater resp. 
on post hoes
PND 61 Audio
Tactile
IP
.750
6.663
8.284
.524
. 0 0 0
. 0 0 0
no variation
B sig .000 post hoes
B sig. .000, T .010 post hoes
Startle Response 
day effects 
PND 21/PND 61
GLMRM
Audio
Tactile
IP
.314
5.746
5.828
.815
.003
.003
B, S same, A,T greater 
A (61) .004, B .005 post hoc 
A.052, .032, B .016(21)
5-Choice- Task 
Training
2-way ANOVA 
GLMRM
0.780
0.388
0.521
0.763
Group A least accurate & 
less active, than other 
groups.
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Table 6
GLM Multivariate ANOVA significance for startle response parameters.
Type pd Parameter’ F P Dunnett’s Post hoc group significance 
Aroclor Aro+Thy Thyroxin
Max 8.438 . 0 0 0 . 0 0 1 . 0 0 0
2 1
Audio Time 2.685 .047 .05* .041*
Ave 3.657 .013 .003
61 No significance-all F values under 1 .
2 1 Max 17.37 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0
Tactile Ave 13.13 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0
61 Max 6.663 . 0 0 0 . 0 0 0
Ave 7.148 . 0 0 0 . 0 0 0
Beg 4.487 .004 .05 . 0 0 1
2 1
Max 23.78 . 0 0 0 .03 . 0 0 0 . 0 0 0
IP Time 13.95 . 0 0 0 . 0 0 0 . 0 0 0
Ave 11.26 . 0 0 0 . 0 0 0 . 0 0 2
61 Max 8.284 . 0 0 0 . 0 0 0 . 0 1
Ave 9.002 . 0 0 0 . 0 0 0 . 0 1 1
''response is less than saline control; all others are greater than control.
^Parameters measured in volts: beginning response (Beg); maximum response (Max); 
time in secs to max response (Time); and average response (Ave).
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Dam Weights Postnatal (in grams) 
8/22-9/12/99
Y/DA PND 2 PND 3 PND 4 PND 5 PND 6 PND 7 PND 8 PND 9 PND 10 PND 11 PND 12 PND 13 PND 14 PND 15 PND 16 PND 17 PND 18 PND 19 PND 20 PND 21 PND 22 PND 2
lA 274 276 277 270 281 291 296 300 300 304 311 291 298 315 312 305 296 314 307 306 308 283
2A 306 317 326 322 330 330 335 325 332 336 342 324 330 348 344 341 335 348 316 331 335 335
5A 294 297 300 301 308 305 322 318 321 322 336 318 334 314 324 328 310 336 321 333 319 324
6A 277 278 286 282 285 295 305 308 300 304 310 298 323 307 318 300 306 315 319 306 315 296
IT 276 278 286 286 290 287 301 308 311 307 320 302 325 316 325 310 311 320 325 308 302 316
2T 260 272 284 282 290 289 294 312 305 310 325 298 326 318 320 311 299 310 308 297 297 297
3T 240 260 267 273 275 276 280 281 288 290 298 279 298 294 287 287 283 294 300 291 304 302
4T 300 312 318 324 330 326 333 340 348 348 355 331 345 340 341 333 334 350 340 341 324 345
5T 300 292 300 302 313 318 318 336 334 338 354 333 352 341 355 345 334 345 338 340 335 325
6T 283 284 288 288 292 298 309 315 306 300 324 302 328 311 310 300 308 310 315 299 302 302
7T 292 300 303 306 312 308 303 322 310 311 327 304 322 323 320 318 304 328 322 317 306 309
IB 327 329 336 339 342 345 352 357 357 358 362 353 370 378 376 368 356 371 343 345 350 357
20 273 271 279 270 288 282 301 315 309 300 315 304 309 323 316 310 298 309 318 304 308 304
30 275 280 282 290 293 295 298 308 309 302 316 306 330 294 314 308 306 318 320 306 318 311
40 332 337 341 345 358 355 366 372 371 378 393 359 380 368 385 378 358 379 368 361 368 369
50 304 314 309 314 315 314 335 330 331 324 333 315 338 341 337 333 318 323 315 302 307 305
60 275 275 286 283 289 293 306 308 308 300 324 304 326 312 323 311 308 316 319 313 315 310
70 267 270 273 272 277 276 281 292 285 282 305 267 277 266 295 290 283 307 302 283 283 302
IS 260 275 284 285 291 286 297 299 300 299 321 306 317 313 323 311 304 333 316 313 308 300
28 263 280 273 295 294 288 293 295 308 311 325 319 321 317 308 312 313 314 310 316 295 290
4S 343 338 345 349 350 355 364 365 360 360 364 362 366 377 368 370 363 364 360 348 363 366
58 282 298 308 309 310 306 319 304 313 320 348 332 329 323 345 330 327 343 338 300 305 329
68 318 315 321 326 332 336 345 350 350 350 370 369 362 377 370 380 366 381 359 360 351 354
78 298 309 322 316 312 318 318 320 320 310 333 317 321 324 326 331 331 336 327 311 315 307
00U)
TOTAL NUMBER OF PUPS PER DAM 84
Day of Delivery 8/20/99
Dam Males Females Total Pups
lA 1 5 1 1
2A 4 7 1 1
4A 5 4 1 2
5A 4 8 13
6 A 7 6 8
IT 5 3 13
2T 7 6 9
3T 2 7 1 2
4T 5 7 13
5T 6 7 1 2
6 T 3 9 14
7T 7 7 1 1
IB 5 6 13
2B 6 5 1 0
3B 6 4 1 2
4B 7 5 3
5B 7 6 14
6 B 6 6 1 2
7B 0 3 13
IS 8 9 1 2
2S 7 7 15
3S
4S
6 6 1 2
15
5S 6 6 13
6 S 1 0 7 13
7S 5 7 13
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
SURVIVAL INDEX (Live pups/Total pups) 
8/20-9/10/99
85
Y/DAM 0 1 4 7 14 2 1
lA 6 / 6 6 / 6 6 / 6 8 / 8 8 / 8 8 / 8
2A 1 1 / 1 1 1 1 / 1 1 1 0 / 1 1 8 / 8 8 / 8 8 / 8
4A 1 1 / 1 1 1 1 / 1 1 3/11 5/8 0 / 8 0 / 8
5A 1 0 / 1 0 1 2 / 1 2 1 2 / 1 2 8 / 8 8 / 8 8 / 8
6 A 13/13 13/13 13/13 8 / 8 8 / 8 8 / 8
IT 8 / 8 8 / 8 8 / 8 8 / 8 8 / 8 8 / 8
2T 13/13 13/13 13/13 8 / 8 8 / 8 8 / 8
3T 9/9 9/9 9/9 8 / 8 8 / 8 8 / 8
4T 1 2 / 1 2 1 2 / 1 2 1 2 / 1 2 8 / 8 8 / 8 8 / 8
5T 13/13 13/13 13/13 8 / 8 8 / 8 8 / 8
6 T 1 2 / 1 2 1 2 / 1 2 1 2 / 1 2 8 / 8 8 / 8 8 / 8
7T 14/14 14/14 14/14 8 / 8 8 / 8 8 / 8
IB 1 1 / 1 1 1 1 / 1 1 1 1 / 1 1 8 / 8 8 / 8 8 / 8
2B 13/13 11/13 11/13 8 / 8 8 / 8 8 / 8
3B 1 0 / 1 0 1 0 / 1 0 1 0 / 1 0 8 / 8 8 / 8 8 / 8
4B 1 2 / 1 2 1 2 / 1 2 1 2 / 1 2 8 / 8 8 / 8 8 / 8
5B 3/3 3/3 3/3 8 / 8 8 / 8 8 / 8
6 B 14/14 14/14 13/14 8 / 8 8 / 8 8 / 8
7B 1 2 / 1 2 1 2 / 1 2 1 2 / 1 2 7/8 7/8 7/8
IS 13/13 13/13 13/13 8 / 8 8 / 8 8 / 8
2S 1 1 / 1 2 1 1 / 1 2 1 1 / 1 2 8 / 8 8 / 8 8 / 8
3S 15/15 other died
4S 1 2 / 1 2 1 2 / 1 2 1 2 / 1 2 8 / 8 8 / 8 8 / 8
5S 13/13 13/13 12/13 8 / 8 8 / 8 8 / 8
6 S 13/13 13/13 13/13 8 / 8 8 / 8 8 / 8
7S 9/9 12/13 12/13 8 / 8 8 / 8 8 / 8
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COMBINED PUP (LITTER) WEIGHTS (in grams) 8 6
M/DAY PND 7 PND 10 PND 13 PND 14 PND 17 PN D:
lA 113 160 214 227 276 360
2A 1 2 2 166 2 2 1 237 286 365
5A 114 162 209 228 270 351
6 A 117 167 2 1 1 230 272 339
IT 118 158 208 228 268 339
2T 114 167 223 245 281 347
3T 98 130 166 179 2 1 2 271
4T 113 165 218 238 280 344
5T 107 157 2 1 2 229 274 356
6 T 118 166 218 235 276 333
7T 106 143 185 195 225 289
IB 113 157 194 217 248 322
2B 1 2 2 165 2 1 1 232 270 344
3B 117 161 198 218 257 328
4B 124 172 223 240 286 356
5B 107 151 196 214 258 323
6 B 1 0 2 143 188 204 242 303
7B 96 136 168 170 214 286
IS 1 1 0 153 2 0 1 215 269 349
2S 1 1 1 163 2 1 0 226 275 347
4S 115 160 204 227 276 353
5S 1 2 2 158 196 216 260 316
6 S 126 179 229 252 299 395
7S 1 1 2 148 183 198 235 291
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INDIVIDUAL PUP WEIGHTS (in grains) 
9/17-10/15/99
8 7
RAT/DAY PND 28 PND 35 PND 42 PND 49 PND 56 RAT/DA PND 28 PND 35 PND 42 PND 49 PND 56
lAI 873 127.6 1703 203.5 227 2B1 78.6 1323 169.4 1943 212.9
1A2 913 152.9 2083 258.4 310.6 2B2 89.6 147.6 199.7 247.8 293
1A3 64.8 106.6 1233 165.7 195.8 2B3 62.6 85.6 1163 154.1 1863
1A4 93.5 152.6 207.5 2603 308.9 2B4 883 148.4 2073 255.4 299.7
2A1 863 1343 175.6 1963 2273 3B1 703 105.7 1413 1703 1923
2A2 89.4 1523 206.4 250.3 296.4 3B2 84.8 142.6 196.4 2523 302.1
2A3 66.6 1033 131.4 176.4 2003 3B3 593 82 116.4 164.6 188.4
2A4 723 1143 143.5 206.4 264.8 3B4 90.5 153 204.9 271.8 329
5A1 783 130.7 1683 193.4 215 4B1 84 137.1 186 226.6 268.8
5A2 873 145.5 2093 247.8 298.8 4B2 883 143.5 204.1 262 320
5A3 78 123.8 159.1 186.6 2093 4B3 773 125.7 166.9 189.7 2 23 3
5A4 67.6 1033 141 215.4 2633 4B4 703 93.8 137.1 212.1 275.9
6A1 90 146.4 1913 216.4 240.4 5B1 713 120.7 163.6 1903 216.4
6A2 87.6 1423 198.4 257.6 321.6 5B2 84.4 1404 195.8 247.5 292.7
6A3 70 93.6 119.4 172.8 201.1 5B3 763 1213 159.4 188.8 206
6A4 78.7 1163 162.4 217.8 2783 5B4 82 139.5 198.5 254.8 2 92 3
ITl 81.4 125.4 163.7 181.8 2043 6B1 713 1123 146.8 1733 189
1T2 843 1443 1923 245.3 294.6 6B2 82 124.4 179.7 2273 266
1T3 56.7 903 123.4 136.4 160.6 6B3 71.8 1133 152 169.6 1963
1T4 703 102.1 1273 195.8 249.7 6B4 57.1 82.8 1243 190.1 240.4
2T1 79 128 163.5 182.1 194.9 7B1 66 103.4 138 1653 182.9
2T2 61.9 118.4 182.4 2173 237.8 7B2 863 141.4 201.6 253.8 303
2T3 83.4 135.1 165.7 193.4 216.4 7B3 53.4 743 1083 146.7 175.4
2T4 62.1 94.9 118.6 195.4 246.1 7B4 573 93.4 1313 189.4 253.4
3T1 64.8 101.6 152.5 179.5 195.4 ISl 743 120.4 165.1 195.1 217.7
3T2 68.8 117.8 177.5 209.6 229.8 1S2 78.6 140.2 198.5 257.7 295
3T3 493 83.4 91.7 148 186 1S3 63.6 85.8 107.4 166.8 206.4
3T4 33.8 693 101.5 181.8 224.9 1S4 85.9 1463 2033 262.9 3073
4T1 83 1333 171.9 190.7 2S1 86.6 136.8 180 188.5 217.5
4T2 78.1 134.4 1963 245.9 294.4 2S2 78.5 127.4 179.6 209 295 3
4T3 86.7 141.4 191 218.8 250.5 2S3 74.7 121.4 159.1 175.8 1823
4T4 413 84.8 111.1 1853 244.3 2S4 68 96.6 125.7 208.9 265.4
5T1 81 130.8 170 193.5 211.2 4SI 84.1 133.4 175.7 198.1 215.5
5T2 873 137.4 190.1 235.4 258.5 4S2 91.3 1543 216.1 2623 300
5T3 61.6 93.8 111.4 1503 1733 4S3 643 89 111.7 174.3 206.6
5T4 90 140.4 1943 243.1 303.1 484 833 138 2043 256.6 306.8
6T1 75.2 124.7 162.3 195.2 220.8 5S1 77.1 124.1 170.6 191.2 205.4
6T2 82.5 1333 191.6 245.5 3043 5S2 73.9 1263 1793 216.5 251.8
6T3 78.6 122.4 161.9 176.6 191.4 5S3 85.4 134.4 175.5 198.8 215.7
6T4 87.6 144.9 206.4 262.4 309 5S4 643 87.5 117.9 199.8 2633
7T1 71.3 1193 1553 1783 186 6S1 83.9 1273 153.7 181.9 198.9
7T2 72.5 115.4 165.9 2153 271.9 6S2 883 148.4 212.5 270.1 311.6
7T3 68.1 103.4 138.5 1623 183.5 6S3 66.7 85.6 114.6 175.6 217.1
7T1 57.7 87.7 114.7 171.6 222.2 6S4 953 1513 205.4 2513 305
IBl 76.8 120.4 166.6 2023 223.4 7S1 64 101 132 1573 173.6
1B2 80.7 1283 180.9 235.6 2763 7S2 71 110.8 157.6 1943 246 3
1B3 78.8 125.5 157.9 180.4 197.1 7S3 723 1143 1503 173.6 1903
1B4 81.3 133.8 189.4 236.7 2793 7S4 57.6 81.9 111.8 178.9 239.5
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DEVELOPMENTAL LANDMARKS 88
PINNA UNFOLDING  
8/23-8/27/99
%  o f  Litter Unfolded/100
DAM PND 3 PND 4 PND 5 PND 6 PND 7 PND 15 PND 16 PND r
lA 0.000 0.167 0.250 0.250 1.000 0.000 0.875 1.000
2A 0.727 0.727 0.700 0.375 0.750 0.000 0.625 1.000
5A 0.000 0.083 0.250 0.375 0.750 0.000 0.250 0.875
6A 0.308 0.308 0.25C 0.250 1.000 0.000 0.875 1.000
IT 0.500 0.500 0.750 1.000 1.000 0.125 0.500 1.000
2T 0.462 0.385 0.250 1.000 1.000 0.250 1.000 1.000
3T 0.444 0.333 0.375 1.000 1.000 0.000 0.250 0.875
4T 0.000 0.583 0.625 1.000 1.000 0.000 0.625 1.000
5T 0.000 1.000 1.000 1.000 1.000 0.000 0.500 1.000
6T 0.083 0.333 1.000 1.000 1.000 0.000 0.250 1.000
7T 0.214 0.214 0.500 0.625 1.000 0.000 0.375 1.000
IB 0.091 0.455 0.000 1.000 1.000 0.000 1.000 1.000
2B 0.364 0.273 0.500 1.000 1.000 0.125 0.875 1.000
3B 0.100 0.200 1.000 1.000 1.000 0.000 0.250 1.000
4B 0.333 0.750 1.000 1.000 1.000 0.625 1.000 1.000
5B 0.000 0.333 0.750 1.000 1.000 0.125 0.875 1.000
6B 0.000 0.538 1.000 1.000 1.000 0.000 0.625 1.000
7B 0.000 0.000 1.000 1.000 1.000 0.000 0.714 1.000
IS 0.471 0.000 1.000 1.000 1.000 0.000 0.750 1.000
2S 0.357 0.786 0.625 0.625 1.000 0.125 0.625 1.000
48 0.083 0.750 0.750 0.875 1.000 0.000 0.875 1.000
58 0.167 0.583 0.500 1.000 1.000 0.000 1.000 1.000
68 0.294 0.294 0.875 1.000 1.000 0.250 1.000 1.000
78 0.417 0.167 0.625 1.000 1.000 0.000 0.750 1.000
EYE OPENING  
9/4-9/6/99
%  o f  Litter Open/100
INCISOR ERUPTION  
% o f Litter w/Eruption/100 8/29-9/1/99
DAM PND 9 N D  1 PND 1 PND 12 DA PND 9 PND 10 PND 1
lA 0.000 0.000 1.000 1.000 2 0.625 1.000 1.000
2A 0.250 0.250 1.000 1.000 3 0.500 0.500 1.000
5A 0.000 0.375 0.750 1.000 4 0.125 1.000 1.000
6A 0.250 0.625 1.000 1.000 5 0.250 0.750 1.000
IT 0.250 0.875 1.000 1.000 6 0.875 1.000 1.000
2T 0.500 1.000 1.000 1.000 7 0.714 1.000 1.000
3T 0.125 0.625 1.000 1.000 1 0.250 1.000 1.000
4T 0.250 0.375 1.000 1.000 2 0.375 1.000 1.000
5T 0.125 0.625 0.625 1.000 4 0.000 1.000 1.000
6T 0.125 0.625 1.000 1.000 5 0.500 1.000 1.000
7T 0.125 1.000 1.000 1.000 6 0.875 1.000 1.000
IB 0.625 1.000 1.000 7 0.125 1.000 1.000
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SURFACE RIGHTING 
821-9/6/99
(Time in seconds) 89
DAM
PND 1 PND 6  PND 7 PND 13 PND 17
1ST 2ND Male Female Male Femal Male Femal Male Female
lA 3 2 2 1 1
2A 4 55 45 3 1
5A 55 1 0 1 2 3
6 A 3 1 5 1 1
IT 6 1 3 1 4
2T 2 1 5 1 1
3T 38 1 2 1 1
4T 1 0 2 1 1
5T 2 1 1 1 1
6 T 35 1 1 1 1
7T 8 1 1 1
IB 1 2 2 2 1 2
2B >60 16 1 1 1 1
3B 25 5 3 1 1
4B >60 2 2 15 6 1 3
53 30 1 5 1 1
6 B 2 1 2 2
73 2 1 5 2
IS >60 35 2 5 1 1
2S >60 14 2 1 0 1 1
4S >60 1 0 1 1 1 2
5S 5 1 3 1
6 S 25 1 1 1 9
7S 23 3 1 1 2
<1
<1
<1
< 1
< 1
< 1
<1
<1
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REFLEX SUSPENSION (Time in seconds) 90
8/27,9/2 & 9/6/99
PND 7 PND 13 PND 17
DAM MALE FEMALE MALE FEMALE MALE FEMA]
lA 1 0 5 15 17 15 1 2 0
2A 35 35 45 13 65 1 0
5A 35 25 7 5 75 45
6 A 15 17 1 0 7 1 0 2 0
IT 5 9 5 25 30 1 0
2T 5 15 ’ 1 1 1 0 15 45
3T 1 0 30 15 5 90 2 0
4T 2 17 2 15 25 25
5T 1 1 17 4 5 1 0 8
6 T 16 14 27 1 0 30 105
7T 8 7 5 15 15 45
IB 1 2 4 5 2 0 2 0 25
2B 6 7 17 3 25 1 0
3B 5 13 3 3 75 2 0
4B 5 1 2 25 2 0 15 15
5B 9 8 1 0 15 2 0 25
6 B 7 17 45 2 0 2 0 40
7B 1 2 4 16 53 2 0 70
IS 1 2 4 15 1 0 1 1 0 15
2S 1 2 8 1 2 13 1 2 0 1 2 0
4S 6 8 30 28 90 25
5S 4 2 7 5 30 55
6 S 7 3 3 15 40 2 0
7S 4 2 2 0 30 90 15
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
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FOOTSPLAY (in centimeters)
September lO-11,1999 September 10-11,1999
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Group SEX 1ST 2ND AVG lst-2nd 1ST 2ND AVG lst-2nd
lA 1 7 8 7.5 -1 7 11 9 -4
lA 2 7 4 5.5 3 7 7 7 0
2A 1 6 4.5 525 1.5 5 5 5 0
2A 2 7 6 6.5 1 4 5.5 4.75 -1.5
5A 1 6.5 3.5 5 3 4.5 5 4.75 -0.5
5A 2 7 7.5 7.25 -0.5 5.5 5 5.25 0.5
6A 1 4 4.5 4.25 -0-5 6 7 6.5 -1
6A 2 4.5 5 4.75 -0.5 6 9.5 7.75 -3.5
IT 1 4 2.5 3.25 1.5 5 4 4.5 1
IT 2 5 3.5 4.25 1.5 6 7.5 6.75 -1.5
2T 1 4.5 4 4.25 0.5 5 5.5 5.25 -0.5
2T 2 6.5 6 6.25 0.5 6.5 8 7.25 -1.5
3T 1 4.5 2.5 3.5 2 5 3.5 4.25 1.5
3T 2 4.5 5 4.75 -0.5 7.5 8.5 8 -1
4T 1 5 4 4.5 1 6 4.5 525 1.5
4T 2 6 6 6 0 5 6 5.5 -1
5T 1 4 5 4.5 -1 5 8.5 6.75 -3.5
5T 2 6 6 6 0 9 9 9 0
6T 1 6 5.5 5.75 0-5 8.5 4.5 6.5 4
6T 2 5.5 5.5 5.5 0 6.5 6 6.25 0.5
7T 1 4 5.5 4.75 -1.5 5 4 4.5 1
7T 2 4 4 4 0 7 4 5.5 3
IB 1 5 4 4.5 1 5.5 6 5.75 -0.5
IB 2 5.5 5 5.25 0.5 5.5 8.5 7 -3
2B 1 6 3.5 4.75 2.5 5.5 4.5 5 1
2B 2 7 6 6.5 1 5.5 7 625 -1.5
3B 1 5 4 4.5 1 5.5 5 525 0.5
3B 2 6 6 6 0 6 5.5 5.75 0.5
4B 1 5 6 5.5 -1 8 4.5 6.25 3.5
4B 2 6.5 6 6.25 0.5 10 11 10.5 -1
5B 1 6.5 6.5 6.5 0 4 3 3.5 1
5B 2 5.5 5 5.25 0.5 10 5.5 7.75 4.5
6B 1 5 5.5 5.25 -0.5 6.5 4 5.25 2.5
6B 2 6 5 5.5 1 7 7.5 7.25 -0.5
7B 1 7 3.5 5.25 3.5 6 4.5 5.25 1.5
7B 2 5 5.5 5.25 -0.5 6 5 5.5 1
IS 1 5 4.5 4.75 0.5 4.5 5 4.75 -0.5
IS 2 4.5 5 4.75 -0.5 6 8 7 -2
2S 1 4 3 3.5 1 6 4.5 5.25 1.5
2S 2 6 5.5 5.75 0.5 6 4 5 2
4S I 3 2.5 2.75 0.5 6.5 6.5 6.5 0
4S 2 5.5 5 5.25 0.5 6 5.5 5.75 0.5
5S 1 6 5 5.5 1 4 4.5 4.25 -0.5
5S 2 4 4 4 0 8 8 8 0
6S 1 5 3.5 4.25 1.5 7 7 7 0
6S 2 6 5 5.5 1 9 8 8.5 1
7S 1 5.5 3 4.25 2.5 3 7 5 -4
7S 2 5.5 5 5.25 0.5 6 7 6.5 -1
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FIRST GRIPSTRENGTH (in kilograms) 9 3
PND 21-22 (9/10-9/11/99)
FORELIMB HINDLIMB
RAT SEX 1ST 2ND 3RD AVG 1ST 2ND AVG
lA 1 0.01 0.01 0.02 0.0133 0.04 0.03 0.0350
lA 2 0.07 0.07 0.07 0.0700 0.02 0.01 0.0150
2A 1 0.05 0.03 0.07 0.0500 0.02 0.01 0.0150
2A 2 0.06 0.05 0.1 0.0700 0.05 0.01 0.0300
5A 1 0.1 0.1 0.11 0.1033 0.06 0.07 0.0650
5A 2 0.07 0.08 0.12 0.0900 0.04 0.03 0.0350
6A 1 0.07 0.06 0.05 0.0600 0.05 0.06 0.0550
6A 2 0.1 0.09 0.07 0.0867 0.03 0.05 0.0400
IT 1 0.09 0.07 0.15 0.1033 0.07 0.06 0.0650
IT 2 0.12 0.14 0.1 0.1200 0.07 0.09 0.0800
2T 1 0.09 0.09 0.09 0.0900 0.07 0.09 0.0800
2T 2 0.08 0.06 0.06 0.0667 0.06 0.05 0.0550
3T 1 0.08 0.07 0.07 0.0733 0-05 0.04 0.0450
3T 2 0.04 0.08 0.05 0.0567 0.02 0.03 0.0250
4T 1 0.05 0.08 0.11 0.0800 0.02 0 0.0100
4T 2 0.1 0.05 0.11 0.0867 0.01 0.05 0.0300
5T 1 0.09 0.1 0.06 0.0833 0.05 0.07 0.0600
5T 2 0.09 0.1 0.09 0.0933 0.06 0.05 0.0550
6T 1 0.06 0.07 0.05 0.0600 0.05 0.03 0.0400
6T 2 0.08 0.07 0.1 0.0833 0.07 0.07 0.0700
7T 1 0.06 0.05 0.05 0.0533 0.03 0.05 0.0400
7T 2 0.07 0.04 0.08 0.0633 0.04 0.03 0.0350
IB 1 0.07 0.05 0.07 0.0633 0.03 0.06 0.0450
IB 2 0.07 0.08 0.1 0.0833 0.04 0.04 0.0400
2B I 0.05 0.1 0.07 0.0733 0.03 0.04 0.0350
2B 2 0.12 0.08 0.08 0.0933 0.03 0.03 0.0300
3B 1 0.09 0.08 0.04 0.0700 0.02 0.05 0.0350
3B 2 0.05 0.05 0.06 0.0533 0.03 0.02 0.0250
4B 1 0.09 0.05 0.05 0.0633 0.04 0.05 0.0450
4B 2 0.1 0.12 0.06 0.0933 0.02 0.02 0.0200
5B 1 0.07 0.1 0.08 0.0833 0.08 0.05 0.0650
5B 2 0.08 0.09 0.1 0.0900 0.04 0.05 0.0450
6B 1 0.05 0.07 0.05 0.0567 0.01 0.03 0.0200
6B 2 0.09 0.05 0.08 0.0733 0.04 0.09 0.0650
7B I 0.06 0.04 0.08 0.0600 0.03 0.02 0.0250
7B 2 0.1 0.08 0.06 0.0800 0.08 0.07 0.0750
IS 1 0.03 0.03 0.07 0.0433 0.06 0.03 0.0450
IS 2 0.08 0.09 0.09 0.0867 0.05 0.05 0.0500
28 1 0.06 0.04 0.03 0.0433 0.06 0.03 0.0450
2S 2 0.06 0.09 0.07 0.0733 0.07 0.06 0.0650
4S 1 0.07 0.06 0.04 0.0567 0.04 0.05 0.0450
4S 2 0.05 0.06 0.07 0.0600 0.05 0.06 0.0550
5S 1 0.09 0.06 0.05 0.0667 0.02 0.04 0.0300
5S 2 0.09 0.11 0.08 0.0933 0.05 0.07 0.0600
6S 1 0.06 0.05 0.11 0.0733 0.06 0.05 0.0550
6S 2 0.04 0.12 0.1 0.0867 0.04 0.05 0.0450
7S 1 0.03 0.05 0.06 0.0467 0.04 0.04 0.0400
7S 2 0.06 0.07 0.08 0.0700 0.08 0.03 0.0550
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SECOND GRIPSTRENGTH (in kilograms) 9 4
PND 60-61 (10/19-10/20/99)
FORELIMB HINDLIMB
RAT SEX 1ST 2ND 3RD AVG 1ST 2ND AVG
lA l 1 0.12 0.19 0.06 0.12333 0.12 0.12 0.120
1A4 2 0.21 0.23 0.25 0.23 0.23 0.23 0.230
2A1 1 0.4 0.2 0.2 0.26667 0.18 0.16 0.170
2A2 2 0.2 0.22 0.2 0.20667 0.28 0.24 0.260
5A1 I 0.15 0.27 0.22 0.21333 0.18 0.18 0.180
5A4 2 0.21 0.24 0.23 0.22667 0.27 0.27 0.270
6A3 1 0.31 0.24 0.16 0.23667 0.12 0.12 0.120
6A2 2 0.21 0.27 0.32 0.26667 0.28 0.3 0.290
1T3 1 0.16 0.15 0.2 0.17 0.14 0.12 0.130
1T2 2 0.25 0.24 0.27 0.25333 0.25 0.24 0.245
2T1 1 0.19 0.17 0.24 0.2 0.18 0.24 0.210
2T4 2 0.11 0.11 0.1 0.10667 0.17 0.12 0.145
3T1 1 0.18 0.13 0.18 0.16333 0.13 0.09 0.110
3T2 2 0.18 0.27 0.2 0.21667 0.22 0.23 0.225
4T3 1 0.24 0.18 0.17 0.19667 0.14 0.17 0.155
4T4 2 0.2 0.14 0.25 0.19667 0.1 0.17 0.135
5T1 I 0J23 0.29 0.35 0.29 0.24 0.26 0.250
5T4 2 0.34 0.33 0.17 0.28 0.26 0.27 0.265
6T3 1 0.31 0.2 0.2 0.23667 0.24 0.24 0.240
6T4 2 0.31 0.28 0.29 0.29333 0.24 0.2 0.220
7T1 1 0.18 0.2 0.27 0.21667 0.21 0.19 0.200
7T2 2 0.29 0.26 0.21 0.25333 0.27 0.27 0.270
183 1 0.2 0.22 0.22 0.21333 0.27 0.2 0.235
1B4 2 0.27 0.27 0.16 0.23333 0.25 0.24 0.245
2B3 1 0.2 0.16 0.21 0.19 0.2 0.21 0.205
2B2 2 0.24 0.22 0.29 0.25 0.25 0.21 0.230
3B1 1 0.3 0.16 0.11 0.19 0.19 0.2 0.195
3B2 2 0.2 0.17 0.14 0.17 0.29 0.25 0.270
4BI 1 0.19 0.2 0.19 0.19333 0.18 0.24 0.210
4B2 2 0.22 0.2 0.24 0.22 0.3 0.35 0.325
5B1 1 0.18 0.17 0.2 0.18333 0.24 0.24 0.240
5B4 2 0.3 0.21 0.31 0.27333 0.22 0.2 0.210
6B3 1 0.2 0.26 0.2 0.22 0.2 0.23 0.215
6B2 2 0.3 0.21 0.29 0.26667 0.27 0.24 0.255
7B1 1 0.22 0.24 0.13 0.19667 0.08 0.24 0.160
7B2 2 0.22 0.27 0.18 0.22333 0.25 0.3 0.275
ISl 1 0.27 0.39 0.2 0.28667 0.17 0.18 0.175
1S2 2 0.21 0.22 0.36 0.26333 0.14 0.23 0.185
2S3 1 0.32 0.28 0.26 0.28667 0.24 0.21 0.225
2S2 2 0.29 0.34 0.33 0.32 0.21 0.17 0.190
4SI 1 0.35 0.25 0.22 0.27333 0.33 0.22 0.275
4S4 2 0.26 0.34 0.23 0.27667 0.34 0.29 0.315
5S1 1 0.29 0.29 0.19 0.25667 0.28 0.25 0.265
5S2 2 0.26 0.23 0.25 0.24667 0.19 0.17 0.180
6S3 1 0.18 0.2 0.23 0.20333 0.24 0.22 0.230
6S4 2 0.3 0.34 0.25 0.29667 0.28 0.32 0.300
7S1 1 0.22 0.21 0.16 0.19667 0.1 0.15 0.125
7S2 2 0.3 0.3 0.36 0.32 0.19 0.27 0.230
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FIGURE 8  MAZE ACTIVITY (Beam Breaks) 
PND 12 9/1/99
l=Fem ale, 2=Male
95
Enel Int Dam Grp Sex II 12 13 14 15 16 17 18 Total
1 1 2  1 2 12 0 0 0 0 0 0 0 12
1 I 2 0 0 0 0 0 15 0 0 15
1 1 1 1 I 0 0 0 0 0 0 0 1 1
1 1 2 I 1 0 3 0 0 0 0 0 0 3
I 1 5 I 2 0 0 0 0 13 0 0 0 13
1 1 5 I 1 0 0 0 0 6 0 0 0 6
I 1 6 I 2 0 0 0 0 0 0 0 0 0
1 1 6 1 1 0 0 0 0 0 17 0 0 17
1 2 2 1 2 0 0 0 0 0 0 0 3 3
1 2 1 I 2 0 0 0 0 0 0 8 0 8
I 2 1 I 1 0 0 0 0 0 0 0 0 0
1 2 2 I I 0 12 0 10 0 0 0 0 22
1 2 5 I 2 0 0 0 0 0 0 0 0 0
1 2 5 I I 0 0 0 0 3 0 0 0 3
1 2 6 1 2 0 0 0 0 0 0 0 0 0
1 2 6 1 1 0 0 0 0 0 0 0 0 0
1 3 2 1 2 0 0 0 0 0 0 0 0 0
1 3 1 1 2 0 0 0 0 0 0 8 0 8
1 3 1 1 I 0 0 0 0 0 0 0 4 4
1 3 2 1 I 0 0 0 6 6 0 0 0 12
I 3 5 I 2 0 0 0 0 2 0 0 0 2
1 3 5 I 1 0 0 0 0 0 0 0 0 0
I 3 6 1 2 0 0 0 0 0 0 3 0 3
1 3 6 1 I 0 0 0 0 0 0 0 0 0
1 4 2 1 2 0 0 0 0 0 0 0 8 8
1 4 1 I 2 0 0 0 0 0 0 20 0 20
1 4 I 1 1 0 0 0 0 0 0 5 0 5
1 4 2 1 I 0 0 0 3 2 1 11 0 17
I 4 5 1 2 0 0 0 0 0 0 0 0 0
I 4 5 1 I 0 0 0 0 8 0 0 0 8
I 4 6 I 2 0 0 0 0 0 0 4 0 4
1 4 6 1 1 0 0 0 0 0 0 0 0 0
1 5 2 1 2 0 0 0 0 0 0 0 0 0
1 5 1 1 2 0 0 0 0 0 11 2 0 13
1 5 1 1 I 0 0 0 0 0 0 0 2 2
1 5 2 1 I 0 0 0 0 0 0 12 0 12
1 5 5 1 2 0 0 0 0 0 0 0 0 0
1 5 5 1 I 0 0 0 0 3 0 0 0 3
1 5 6 1 2 0 0 0 0 0 0 8 0 8
1 5 6 1 I 0 0 0 0 0 0 0 0 0
1 6 2 1 2 0 3 0 0 0 0 0 0 3
1 6 1 1 2 0 0 0 0 0 8 0 0 8
1 6 1 1 1 5 0 0 0 0 0 0 0 5
1 6 2 1 I 0 0 0 0 0 1 13 0 14
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End Int Dam Grp Sex 11 12 13 14 15 16 17 18 Tota
1 6 5 1 2 0 0 0 0 0 0 0 0 0
1 6 5 1 1 0 0 0 0 16 0 0 0 16
1 6 6 1 2 0 0 0 0 0 0 13 0 13
1 6 6 1 1 0 0 0 0 0 0 0 0 0
2 I 2 2 2 0 0 0 0 0 0 0 0 0
3 1 1 2 2 2 0 0 0 0 0 0 0 2
3 1 I 2 I 0 0 0 7 0 0 0 0 7
3 1 2 2 I 0 0 0 0 0 0 0 0 0
3 1 4 2 2 0 0 0 0 0 0 0 0 0
3 1 4 2 1 0 0 0 0 0 0 0 0 0
3 1 5 2 2 0 0 0 10 0 0 0 0 10
3 1 5 2 I 0 0 0 0 0 0 0 0 0
2 2 2 2 2 0 0 0 0 0 0 0 0 0
3 2 1 2 2 3 0 0 0 0 0 0 0 3
3 2 I 2 I 0 0 0 0 0 0 0 0 0
3 2 2 2 1 0 0 0 7 0 0 0 0 7
3 2 4 2 2 0 0 0 0 0 0 0 0 0
3 2 4 2 1 0 0 0 0 0 0 0 0 0
3 2 5 2 2 0 0 0 1 0 0 0 0 1
3 2 5 2 1 0 0 0 0 0 8 0 0 8
2 3 2 2 2 0 0 0 0 0 0 0 0 0
3 3 I 2 2 2 0 0 0 0 0 0 0 2
3 3 1 2 I 0 0 0 2 1 0 0 0 3
3 3 2 2 I 0 0 0 2 0 0 0 0 2
3 3 4 2 2 0 0 0 0 0 0 0 0 0
3 3 4 2 1 0 0 0 0 0 0 0 0 0
3 3 5 2 2 0 0 0 I 0 0 0 0 1
3 3 5 2 1 0 0 0 I 0 0 0 0 I
2 4 2 2 2 0 0 0 0 0 0 0 0 0
3 4 1 2 2 0 0 0 0 0 0 0 0 0
3 4 I 2 1 0 0 0 0 0 0 0 0 0
3 4 2 2 1 0 0 0 0 0 0 0 0 0
3 4 4 2 2 0 0 0 0 0 0 0 0 0
3 4 4 2 1 0 0 0 0 0 0 0 0 0
3 4 5 2 2 0 0 0 2 0 0 0 0 2
3 4 5 2 1 0 0 0 12 0 0 0 0 12
2 5 2 2 2 0 0 0 0 0 0 0 0 0
3 5 1 2 2 0 0 0 0 0 0 0 0 0
3 5 I 2 1 0 0 0 0 4 0 0 0 4
3 5 2 2 1 0 0 0 0 0 0 1 0 I
3 5 4 2 2 0 0 0 0 0 0 0 0 0
3 5 4 2 1 0 0 0 0 0 0 0 0 0
3 5 5 2 2 0 0 0 8 0 0 0 0 8
3 5 5 2 I 0 0 0 0 0 0 0 0 0
2 6 2 2 2 0 0 0 0 0 0 0 0 0
3 6 1 2 2 0 0 0 0 0 0 0 0 0
3 6 1 2 1 0 0 0 3 8 1 0 0 12
3 6 2 2 1 0 0 0 12 0 0 0 0 12
96
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
End Int Dam Grp Sex 11 12 13 14 15 16 17 18 Tota
3 6 4 2 2 0 0 0 0 0 0 0 0 0
3 6 4 2 1 0 0 0 0 0 0 0 0 0
3 6 5 2 2 0 0 0 0 0 0 0 0 0
3 6 5 2 1 0 0 I 0 0 0 0 0 1
4 1 4 4 2 0 0 0 0 0 16 0 0 16
4 1 2 4 2 0 0 0 0 0 5 0 0 5
4 1 2 4 1 0 0 0 0 0 0 0 0 0
4 I 4 4 1 0 0 0 30 0 0 0 0 30
4 1 6 4 2 0 0 0 0 0 3 0 0 3
4 I 6 4 1 0 0 0 1 0 0 0 0 1
4 I 7 4 2 0 0 0 23 0 0 0 0 23
4 1 7 4 1 0 0 0 0 0 0 0 0 0
4 1 5 4 1 0 0 0 0 0 0 0 0 0
4 I 5 4 2 0 0 10 0 0 0 0 0 10
2 1 1 4 1 0 0 0 0 2 0 0 0 2
2 1 I 4 2 0 0 0 0 8 0 0 0 8
4 2 4 4 2 0 0 0 0 0 39 0 0 39
4 2 2 4 2 0 0 0 0 0 0 0 0 0
4 2 2 4 1 0 0 0 0 0 0 0 0 0
4 2 4 4 1 0 0 12 12 0 0 0 0 24
4 2 6 4 2 0 0 0 0 0 0 0 0 0
4 2 6 4 I 0 0 0 0 0 1 0 0 1
4 2 7 4 2 0 0 0 7 0 0 0 0 7
4 2 7 4 1 0 0 0 0 0 0 0 0 0
4 2 5 4 1 0 0 0 2 0 0 0 0 2
4 2 5 4 2 0 0 4 0 0 0 0 0 4
2 2 1 4 1 0 0 0 0 0 0 0 0 0
2 2 1 4 2 0 0 0 0 1 0 0 0 1
4 3 4 4 2 0 0 0 0 0 18 0 0 18
4 3 2 4 2 0 0 0 0 0 0 0 0 0
4 3 2 4 1 0 0 0 0 0 0 0 0 0
4 3 4 4 1 0 0 11 0 0 0 0 0 11
4 3 6 4 2 0 0 0 0 0 0 0 0 0
4 3 6 4 1 0 0 0 0 0 0 0 0 0
4 3 7 4 2 0 1 0 6 0 0 0 0 7
4 3 7 4 1 0 0 0 0 0 14 0 0 14
4 3 5 4 I 0 0 0 4 0 0 0 0 4
4 3 5 4 2 0 0 4 0 0 0 0 0 4
2 3 1 4 I 0 0 0 0 0 0 0 0 0
2 3 I 4 2 0 0 0 0 0 0 0 0 0
4 4 4 4 2 0 0 0 0 0 24 0 0 24
4 4 2 4 2 0 0 0 0 0 1 0 0 1
4 4 2 4 1 0 0 0 0 0 0 0 0 0
4 4 4 4 1 0 0 0 0 0 0 0 0 0
4 4 6 4 2 0 0 0 0 0 0 0 0 0
4 4 6 4 1 0 0 0 0 0 0 0 0 0
4 4 7 4 2 0 0 0 0 0 5 0 0 5
4 4 7 4 1 0 0 0 0 0 32 0 0 32
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Enel Int Dam Grp Sex 11 12 13 14 15 16 17 18 Tota
4 4 5 4 I 0 0 0 3 0 0 0 0 3
4 4 5 4 2 0 0 1 0 0 0 0 0 1
2 4 1 4 1 0 0 0 0 5 0 0 0 5
2 4 1 4 2 0 0 0 0 0 0 0 0 0
4 5 4 4 2 0 0 0 0 0 0 0 0 0
4 5 2 4 2 0 0 0 0 0 4 0 0 4
4 5 2 4 1 0 0 0 0 0 0 0 0 0
4 5 4 4 1 0 0 0 5 0 0 0 0 5
4 5 6 4 2 0 0 0 0 0 0 0 0 0
4 5 6 4 1 0 0 0 0 0 0 0 0 0
4 5 7 4 2 0 0 0 0 0 0 0 0 0
4 5 7 4 1 0 0 0 0 0 31 0 0 31
4 5 5 4 1 0 0 0 9 0 0 0 0 9
4 5 5 4 2 0 0 0 0 0 0 0 0 0
2 5 1 4 1 0 0 0 0 11 0 0 0 11
2 5 1 4 2 0 0 0 0 5 0 0 0 5
4 6 4 4 2 0 0 0 0 0 1 0 0 1
4 6 2 4 2 0 0 0 0 0 15 0 0 15
4 6 2 4 1 0 0 0 0 0 0 0 0 0
4 6 4 4 1 0 5 2 0 0 0 0 0 7
4 6 6 4 2 0 0 0 0 0 0 0 0 0
4 6 6 4 1 0 0 0 0 0 0 0 0 0
4 6 7 4 2 0 0 0 0 0 0 0 0 0
4 6 7 4 1 0 0 0 0 0 7 0 0 7
4 6 5 4 1 0 0 0 0 0 0 0 0 0
4 6 5 4 2 0 2 0 2 0 0 0 0 4
2 6 1 4 1 0 0 0 0 12 0 0 0 12
2 6 1 4 2 0 0 0 0 0 0 0 0 0
3 1 5 3 2 0 0 0 10 0 0 0 0 10
2 1 4 3 2 0 0 0 0 0 0 0 0 0
2 1 4 3 1 0 0 0 0 0 0 0 0 0
2 1 5 3 1 0 0 0 0 0 0 0 0 0
2 1 3 3 2 0 0 0 0 0 0 0 0 0
2 1 3 3 1 0 0 0 7 0 I 0 0 8
2 1 7 3 2 0 0 0 21 0 0 0 0 21
2 1 7 3 1 0 0 0 0 0 0 0 0 0
3 2 5 3 2 0 0 0 8 0 0 0 0 8
2 2 4 3 2 0 6 0 0 0 0 0 0 6
2 2 4 3 1 0 0 0 0 0 0 0 3 3
2 2 5 3 I 0 0 0 0 0 0 0 0 0
2 2 3 3 2 0 0 0 0 0 0 0 0 0
2 2 3 3 1 0 0 6 8 0 0 0 0 14
2 2 7 3 2 0 0 0 6 0 0 0 0 6
2 2 7 3 1 0 0 0 0 0 0 0 0 0
3 3 5 3 2 0 0 0 5 0 0 0 0 5
2 3 4 3 2 0 0 0 0 0 0 0 0 0
2 3 4 3 I 0 0 0 0 0 0 0 0 0
2 3 5 3 1 0 0 0 0 0 1 0 0 1
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Enel Int Dam Grp Sex 11 12 13 14 15 16 17 18 Tota
2 3 3 3 2 0 0 0 0 1 0 0 0 1
2 3 3 3 1 0 0 0 0 0 0 0 0 0
2 3 7 3 2 0 0 0 0 0 0 0 0 0
2 3 7 3 1 0 0 0 6 0 0 0 0 6
3 4 5 3 2 0 0 0 1 0 0 0 0 1
2 4 4 3 2 0 0 0 0 0 0 0 0 0
2 4 4 3 1 0 0 0 0 0 0 0 5 5
2 4 5 3 1 0 0 0 0 0 0 0 0 0
2 4 3 3 2 0 0 0 0 0 0 0 0 0
2 4 3 3 1 0 0 0 23 1 0 0 0 24
2 4 7 3 2 0 0 0 0 0 0 0 0 0
2 4 7 3 1 0 0 6 0 0 0 0 0 6
3 5 5 3 2 0 0 0 9 0 0 0 0 9
2 5 4 3 2 0 0 0 0 0 0 0 0 0
2 5 4 3 1 0 0 0 0 0 0 3 0 3
2 5 5 3 1 0 0 0 0 0 0 0 0 0
2 5 3 3 2 0 0 0 0 0 0 0 0 0
2 5 3 3 1 0 2 1 3 3 1 0 0 10
2 5 7 3 2 0 0 15 0 0 0 0 0 15
2 5 7 3 1 0 0 9 0 0 0 0 0 9
3 6 5 3 2 0 0 0 17 0 0 0 0 17
2 6 4 3 2 0 0 11 0 0 0 0 0 11
2 6 4 3 1 0 0 0 0 0 0 2 0 2
2 6 5 3 1 0 0 0 0 0 0 0 0 0
2 6 3 3 2 0 0 0 0 0 0 0 0 0
2 6 3 3 1 0 0 0 0 6 2 0 0 8
2 6 7 3 2 0 0 21 0 0 0 0 0 21
2 6 7 3 1 0 1 7 0 0 0 0 0 8
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FIGURE 8  MAZE ACTIVITY (Beam Breaks) 
PND 17 9/6/99
I=Female, 2=Male
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Enel Int Dam Grp Sex 11 12 13 14 15 16 17 18 Tota
1 1 A 1 1 3 5 18 0 6 0 0 33
1 1 A 2 21 6 2 5 5 2 1 8 50
1 2 A 1 22 15 7 5 2 6 6 8 71
1 2 A 2 5 5 8 3 5 2 5 0 33
1 5 A 1 8 5 4 8 21 7 2 1 56
1 5 A 2 6 7 7 5 5 2 6 8 46
1 6 A 1 10 7 16 6 6 5 7 4 61
1 6 A 2 10 7 5 6 7 9 5 9 58
2 1 A 1 2 3 5 22 7 0 0 3 42
2 1 A 2 14 9 2 14 4 1 1 1 46
2 2 A 1 18 10 5 6 5 5 6 9 64
2 2 A 2 8 7 5 4 2 2 2 2 32
2 5 A 1 1 6 5 8 21 1 1 1 44
2 5 A 2 3 1 5 5 2 8 15 5 44
2 6 A 1 17 7 8 10 0 3 1 2 48
2 6 A 2 16 11 7 5 4 9 6 8 66
3 1 A 1 0 3 3 15 10 8 5 3 47
3 1 A 2 6 4 5 6 1 5 3 6 36
3 2 A 1 22 9 1 1 5 1 1 3 43
3 2 A 2 1 5 4 1 2 2 2 4 21
3 5 A 1 8 0 0 0 14 8 8 1 39
3 5 A 2 2 1 I 1 9 5 15 12 46
3 6 A 1 2 2 4 4 12 2 12 3 41
3 6 A 2 8 9 5 5 0 6 8 5 46
4 1 A 1 0 1 1 18 19 7 3 3 52
4 1 A 2 11 7 4 6 2 5 2 9 46
4 2 A 1 12 7 1 10 6 2 4 7 49
4 2 A 2 0 3 5 3 3 3 0 0 17
4 5 A 1 0 0 0 3 12 4 5 0 24
4 5 A 2 8 6 1 2 0 2 7 4 30
4 6 A 1 0 3 1 7 9 4 8 3 35
4 6 A 2 15 9 7 2 7 4 3 13 60
5 1 A 1 0 0 1 18 13 7 1 1 41
5 1 A 2 9 8 8 5 5 3 1 3 42
5 2 A 1 17 9 2 0 0 4 4 12 48
5 2 A 2 0 1 7 2 0 1 2 1 14
5 5 A 1 0 0 0 0 9 0 0 0 9
5 5 A 2 11 0 1 2 4 0 3 1 22
5 6 A 1 4 3 2 6 2 0 0 5 22
5 6 A 2 6 9 1 0 2 5 10 13 46
6 1 A 1 3 1 3 7 13 4 4 2 37
6 1 A 2 12 1 1 6 2 8 18 14 62
6 2 A 1 8 9 3 3 1 5 6 6 41
6 2 A 2 0 0 0 2 9 7 0 0 18
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End In t Dam Grp Sex 11 12 13 14 15 16 17 18 Tota]
1 6 5 A 1 0 0 0 0 0 0 0 0 0
1 6 5 A 2 0 0 0 1 3 1 3 1 9
1 6 6 A 1 0 2 6 7 4 6 7 5 37
1 6 6 A 2 24 8 5 4 0 4 4 13 62
3 I 1 B 1 4 2 8 7 4 3 3 0 31
3 1 1 B 2 5 4 6 8 29 6 117 1 176
3 1 2 B I 5 5 12 9 7 2 193 6 239
3 1 2 B 2 I 3 3 11 29 2 188 0 237
3 1 4 B I 33 0 0 0 0 0 185 0 218
3 I 4 B 2 0 0 0 0 5 0 196 0 201
3 1 5 B 1 5 7 6 6 7 5 192 8 236
3 I 5 B 2 0 0 2 4 4 8 190 0 208
3 2 I B 1 7 7 9 6 0 4 0 C 33
3 2 1 B 2 4 5 6 15 27 6 192 6 261
3 2 2 B I 9 4 11 8 7 7 191 2 239
3 2 2 B 2 2 4 4 14 12 2 191 1 230
3 2 4 B 1 15 6 3 1 3 1 192 1 222
3 2 4 B 2 0 0 0 0 8 0 199 0 207
3 2 5 B I 8 6 3 8 0 4 194 6 229
3 2 5 B 2 3 2 7 1 1 1 185 1 201
3 3 1 B 1 5 4 11 2 3 0 0 1 26
3 3 I B 2 1 4 4 9 14 6 189 3 230
3 3 2 B I 0 0 4 2 0 6 184 2 198
3 3 2 B 2 1 0 0 4 0 1 189 3 198
3 3 4 B 1 5 2 2 0 0 0 194 2 205
3 3 4 B 2 0 0 0 0 4 0 197 0 201
3 3 5 B 1 14 6 4 3 6 3 190 5 231
3 3 5 B 2 6 0 0 1 3 1 176 1 188
3 4 I B 1 0 2 16 6 6 0 109 0 139
3 4 1 B 2 2 7 6 7 14 2 191 2 231
3 4 2 B 1 0 I 2 1 8 0 189 0 201
3 4 2 B 2 0 0 0 0 10 2 190 0 202
3 4 4 B 1 1 0 0 0 0 0 195 0 196
3 4 4 B 2 0 0 0 0 0 0 190 0 190
3 4 5 B 1 11 5 7 7 12 3 186 3 234
3 4 5 B 2 0 0 0 0 0 0 193 0 193
3 5 1 B 1 6 5 7 6 6 0 189 0 219
3 5 I B 2 0 4 2 2 21 13 187 2 231
3 5 2 B 1 I 1 3 6 3 1 186 0 201
3 5 2 B 2 0 3 3 5 9 2 193 4 219
3 5 4 B 1 4 0 0 0 0 0 186 0 190
3 5 4 B 2 0 0 0 0 0 0 192 0 192
3 5 5 B 1 7 6 7 9 9 4 195 2 239
3 5 5 B 2 0 0 0 0 2 0 188 0 190
3 6 1 B 1 I 6 6 2 2 1 196 1 215
3 6 1 B 2 1 6 4 8 24 7 188 2 240
3 6 2 B 1 0 0 5 3 0 2 192 2 204
3 6 2 B 2 0 0 0 0 6 1 194 0 201
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End Int Dam Grp Sex 11 12 13 14 15 16 17 18 Tota
4 4 5 S 1 0 5 17 11 3 1 1 2 40
4 4 5 S 2 4 3 2 3 2 1 15 1 31
2 4 4 S 1 0 0 0 0 0 0 0 0 0
2 4 4 S 2 0 0 0 0 1 0 0 0 1
4 5 2 S 1 2 5 4 2 9 9 3 4 38
4 5 2 S 2 0 0 0 0 0 4 9 1 14
4 5 6 S 1 0 0 10 0 0 0 0 0 10
4 5 4 S 2 8 3 1 5 0 5 0 2 24
4 5 6 S 1 0 1 1 1 8 5 14 0 30
4 5 6 S 2 0 0 8 3 14 1 0 0 26
4 5 7 S 1 6 0 1 4 8 6 11 2 38
4 5 7 S 2 0 5 5 5 15 11 1 1 43
4 5 5 S 1 1 3 16 3 2 2 0 0 27
4 5 5 S 2 6 2 1 6 4 3 4 3 29
2 5 4 S 1 0 0 0 0 0 0 0 0 0
2 5 4 S 2 0 0 0 0 0 0 0 0 0
4 6 2 s 1 0 0 0 0 0 4 3 2 9
4 6 2 s 2 0 1 5 4 17 0 0 1 28
4 6 6 s 1 0 2 10 0 0 0 0 0 12
4 6 4 s 2 0 1 4 1 1 10 0 0 17
4 6 6 s 1 0 2 2 2 4 4 10 3 27
4 6 6 s 2 0 0 3 5 7 6 5 5 31
4 6 7 s i 0 4 7 8 10 5 5 1 40
4 6 7 s 2 0 3 1 4 19 3 5 3 38
4 6 5 s 1 2 1 7 6 2 0 0 0 18
4 6 5 s 2 20 13 6 4 3 1 0 2 49
2 6 4 s 1 0 0 0 0 0 0 0 0 0
2 6 4 s 2 0 0 0 0 0 0 0 0 0
2 1 4 T 1 3 1 1 3 9 8 7 4 36
2 1 4 T 2 10 13 2 3 6 7 3 10 54
2 I 5 T 1 22 2 0 0 0 4 18 15 61
2 1 5 T 2 7 7 3 7 13 8 4 4 53
2 1 3 T I 0 4 1 2 3 4 4 0 18
2 1 3 T 2 0 0 0 0 7 4 12 0 23
2 1 7 T 1 0 0 2 2 21 2 8 3 38
2 1 7 T 2 0 1 4 2 2 3 4 2 18
2 2 4 T I 6 7 4 8 5 7 2 2 41
2 2 4 T 2 18 9 1 6 2 7 5 6 54
2 2 5 T 1 5 1 0 0 0 9 12 7 34
2 2 5 T 2 2 4 1 7 19 6 4 4 47
2 2 3 T 1 5 0 0 3 13 6 8 3 38
2 2 3 T 2 0 0 0 0 0 1 3 1 5
2 2 7 T 1 0 0 0 0 0 1 13 0 14
2 2 7 T 2 5 0 0 1 0 9 3 4 22
2 3 4 T 1 5 0 0 3 8 10 4 3 33
2 3 4 T 2 5 3 1 1 6 6 5 5 32
2 3 5 T 1 17 4 3 3 0 4 10 12 53
2 3 5 T 2 0 1 1 5 17 2 1 1 28
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Enel Int Dam Grp Sex II 12 13 14 15 16 17 18 Total
3 6 4 B 1 3 2 0 0 0 0 194 0 199
3 6 4 B 2 0 0 0 0 0 0 186 0 186
3 6 5 B 1 11 5 5 2 14 2 180 7 226
3 6 5 B 2 0 0 0 0 4 0 193 1 198
4 1 2 S 1 0 0 0 0 13 16 1 1 31
4 1 2 S 2 2 4 4 1 8 5 4 1 29
4 1 6 s 1 0 2 19 10 3 7 1 2 44
4 1 4 s 2 0 0 8 4 2 3 0 0 17
4 1 6 s 1 0 0 0 0 0 0 0 4 4
4 1 6 s 2 2 6 11 4 11 1 0 0 35
4 1 7 s 1 0 2 2 6 2 5 7 6 30
4 1 7 s 2 0 4 6 9 6 5 4 0 34
4 1 5 s 1 6 5 6 9 2 2 0 6 36
4 1 5 s 2 0 0 0 10 2 0 0 0 12
2 1 4 s 1 1 0 0 0 0 0 0 0 1
2 1 4 s 2 0 0 0 0 0 0 0 0 0
4 2 2 s 1 0 2 9 6 18 3 0 5 43
4 2 2 s 2 5 1 9 3 4 0 0 0 22
4 2 6 s 1 0 1 11 3 0 0 0 0 15
4 2 4 s 2 3 3 5 5 9 8 1 1 35
4 2 6 s 1 0 0 0 0 0 0 1 2 3
4 2 6 s 2 0 7 23 9 7 5 7 4 62
4 2 7 s 1 4 1 5 6 18 2 2 0 38
4 2 7 s 2 2 2 4 9 6 8 5 5 41
4 2 5 s 1 6 4 3 5 10 8 9 6 51
4 2 5 s 2 2 3 6 3 9 9 11 5 48
2 2 4 s 1 2 0 0 0 0 0 0 0 2
2 2 4 s 2 0 0 0 0 0 0 0 0 0
4 3 2 s 1 4 2 2 6 23 13 6 4 60
4 3 2 s 2 0 0 1 3 7 3 6 3 23
4 3 6 s 1 0 0 19 0 0 0 0 0 19
4 3 4 s 2 3 1 7 6 12 2 0 0 31
4 3 6 s 1 0 2 9 7 5 5 5 2 35
4 3 6 s 2 0 4 13 5 7 0 0 0 29
4 3 7 s 1 5 5 8 7 5 10 1 5 46
4 3 7 s 2 0 2 6 10 10 3 2 1 34
4 3 5 s 1 3 7 12 6 5 4 1 1 39
4 3 5 s 2 0 5 4 2 3 2 7 4 27
2 3 4 s 1 0 0 0 0 0 0 0 0 0
2 3 4 s 2 0 0 0 0 0 0 0 0 0
4 4 2 s 1 0 2 11 2 20 6 3 2 46
4 4 2 s 2 2 2 1 3 3 5 6 3 25
4 4 6 s 1 0 0 4 4 0 0 0 0 8
4 4 4 s 2 3 2 19 4 1 0 0 0 29
4 4 6 s 1 3 0 8 2 4 5 13 4 39
4 4 6 s 2 0 6 17 8 14 2 3 3 53
4 4 7 s 1 0 2 3 3 9 3 5 2 27
4 4 7 s 2 0 2 2 3 14 4 12 2 39
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Enel Int Dam Grp Sex II 12 13 14 15 16 17 18 Tota
2 3 3 T 1 4 0 0 0 5 7 14 1 31
2 3 3 T 2 0 0 0 0 0 0 2 0 2
2 3 7 T I 0 0 4 5 3 6 8 6 32
2 3 7 T 2 3 2 8 6 7 1 2 0 29
2 4 4 T 1 1 5 0 2 5 15 10 9 47
2 4 4 T 2 2 3 1 1 8 5 3 3 26
2 4 5 T 1 4 2 2 2 4 8 9 7 38
2 4 5 T 2 0 0 0 2 5 1 0 0 8
2 4 3 T I 3 2 2 2 8 8 6 2 33
2 4 3 T 2 0 0 0 0 0 0 0 0 0
2 4 7 T 1 7 0 0 0 0 6 5 1 19
2 4 7 T 2 9 0 0 0 2 4 4 3 22
2 5 4 T 1 0 0 0 0 6 2 3 2 13
2 5 4 T 2 9 6 4 3 4 4 3 5 38
2 5 5 T I 9 1 1 1 9 4 4 4 33
2 5 5 T 2 0 0 2 6 9 3 0 0 20
2 5 3 T 1 2 3 3 3 3 6 3 3 26
2 5 3 T 2 0 0 0 0 0 0 0 0 0
2 5 7 T 1 0 0 1 2 4 4 5 3 19
2 5 7 T 2 11 1 2 2 3 0 7 3 29
2 6 4 T I 3 3 3 3 16 26 2 4 60
2 6 4 T 2 8 11 14 4 3 3 2 4 49
2 6 5 T I 4 0 0 1 3 13 10 7 38
2 6 5 T 2 2 1 1 2 6 3 0 0 15
2 6 3 T 1 2 0 0 0 4 10 8 2 26
2 6 3 T 2 0 0 0 0 0 0 7 0 7
2 6 7 T 1 0 0 0 0 0 1 8 2 11
2 6 7 T 2 10 3 1 1 0 3 5 4 27
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FIGURE 8  MAZE ACTIVITY (Beam Breaks) I=FemaIe, 2=Male, PND 59, 10/18/99 105
Enel Int Rat Grp Sex B1 B2 B3 8 4 B5 B6 B7 B8 Tota
1 1 lA l A 1 0 5 5 3 4 17 9 5 48
I 1 1A2 A 2 3 11 5 7 7 9 6 8 56
1 1 2A1 A 1 3 11 7 13 6 12 8 4 64
1 1 2A2 A 2 2 6 9 5 2 6 4 7 41
1 1 5A1 A 1 5 11 7 12 3 7 4 6 55
1 1 5A2 A 2 2 7 8 8 8 8 6 5 52
1 1 6A1 A 1 3 11 15 11 6 10 7 8 71
I 1 6A2 A 2 3 12 7 8 3 7 4 6 50
3 1 IB l B 1 4 8 10 14 1 7 6 8 58
3 1 IB2 B 2 4 10 9 8 3 6 6 7 53
3 1 4B1 B 1 4 8 6 4 2 5 1 9 39
3 1 4B2 B 2 7 6 5 8 1 5 I 9 42
3 1 5B1 B 1 4 9 10 7 2 6 1 6 45
3 1 5B2 B 2 3 6 3 5 2 3 1 9 32
3 I 6B1 B 1 2 6 7 15 2 11 1 3 47
3 1 6B2 B 2 3 10 10 7 2 11 1 8 52
4 I ISl S 1 4 5 3 4 4 11 7 7 45
4 1 1S2 S 2 2 6 4 6 0 5 6 10 39
4 1 4S3 S 1 3 8 10 10 6 7 6 5 55
4 I 4S4 S 2 1 7 8 9 5 10 6 6 52
4 I 6S1 S 1 6 13 3 4 2 6 6 6 46
4 1 6S2 S 2 4 8 5 6 2 5 3 3 36
4 1 7S1 S 1 1 0 0 0 18 0 1 2 22
4 1 7S2 S 2 3 10 10 11 5 9 6 8 62
2 I ITI T I 4 4 7 8 3 11 5 13 55
2 1 1T2 T 2 5 11 6 9 3 7 8 6 55
2 1 2T3 T 1 7 14 13 6 7 9 8 8 72
2 I 2T4 T 2 5 7 6 9 2 4 6 7 46
2 1 6T1 T 1 6 4 4 8 5 8 6 7 48
2 I 6T2 T 2 5 5 9 5 3 4 7 7 45
2 1 5T1 T 1 4 10 9 12 3 8 10 11 67
2 1 7T2 T 2 8 7 5 5 2 4 4 6 41
1 2 lA l A 1 6 4 4 4 3 6 2 5 34
I 2 IA2 A 2 3 6 9 10 1 8 5 9 51
I 2 2A1 A 1 I 2 3 12 3 8 10 4 43
1 2 2A2 A 2 2 5 5 9 3 10 6 7 47
1 2 5A1 A 1 3 6 6 7 1 17 7 6 53
1 2 5A2 A 2 2 5 3 2 3 12 8 4 39
I 2 6A1 A 1 2 7 11 16 4 8 6 9 63
1 2 6A2 A 2 1 3 3 10 1 2 7 7 34
3 2 IBI B 1 2 12 3 1 4 9 6 4 41
3 2 1B2 B 2 4 7 5 3 5 6 5 7 42
3 2 4B1 B 1 5 3 5 6 1 9 0 1 30
3 2 4B2 B 2 1 6 7 7 2 5 0 4 32
3 2 5B1 B 1 3 17 4 7 3 14 0 12 60
3 2 5B2 B 2 6 2 2 3 0 4 0 9 26
3 2 6BI B 1 1 3 4 13 7 2 0 2 32
3 2 6B2 B 2 2 7 4 4 2 5 0 7 31
4 2 IS l S 1 3 6 7 5 0 3 2 5 31
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End Int Rat Grp Sex B1 B2 B3 B4 B5 B6 B7 B8 Tota
1 4 2A2 A 2 4 7 4 5 3 5 5 7 40
1 4 5A1 A 1 2 10 10 10 2 11 7 7 59
1 4 5A2 A 2 2 7 6 5 4 5 6 9 44
1 4 6A1 A 1 2 1 11 3 2 3 2 2 26
1 4 6A2 A 2 2 5 6 8 1 7 4 5 38
3 4 IB l B 1 0 0 4 13 0 6 2 0 25
3 4 1B2 B 2 5 12 10 9 2 9 8 6 61
3 4 4B1 B I 2 5 3 5 1 4 0 3 23
3 4 4B2 B 2 I 7 6 5 1 5 0 2 27
3 4 5BI B 1 2 15 8 9 8 10 0 8 60
3 4 5B2 B 2 5 6 5 7 1 5 0 8 37
3 4 6B1 B 1 2 5 2 9 8 6 0 9 41
3 4 6B2 B 2 3 9 5 5 2 7 0 4 35
4 4 IS l S I 3 5 2 4 0 4 1 4 23
4 4 1S2 S 2 I 0 5 11 3 7 4 0 31
4 4 4S3 s I 4 6 6 8 0 7 5 3 39
4 4 4S4 s 2 3 4 2 6 3 1 5 4 28
4 4 6SI s I 3 4 3 3 2 6 8 8 37
4 4 6S2 s 2 1 4 3 1 2 10 5 6 32
4 4 7SI s 1 0 0 0 0 12 0 0 0 12
4 4 7S2 s 2 4 8 2 9 4 5 11 5 48
2 4 IT! T 1 I 4 5 11 2 7 5 8 43
2 4 1T2 T 2 2 8 6 5 12 7 4 6 50
2 4 2T3 T 1 4 12 12 9 6 6 6 8 63
2 4 2T4 T 2 3 2 5 11 7 4 5 9 46
2 4 6T1 T 1 9 10 5 10 2 12 6 14 68
2 4 6T2 T 2 1 11 9 14 2 9 9 8 63
2 4 5T1 T 1 13 0 0 0 0 0 0 0 13
2 4 7T2 T 2 4 10 2 3 3 9 10 7 48
1 5 lA I A 1 3 8 6 1 0 3 6 4 31
I 5 1A2 A 2 1 12 13 9 1 6 7 6 55
1 5 2A1 A 1 1 3 6 10 3 11 8 6 48
1 5 2A2 A 2 I 5 4 4 4 4 1 1 24
1 5 5AI A 1 1 7 3 4 2 13 6 5 41
1 5 5A2 A 2 2 6 5 5 3 8 5 10 44
I 5 6A1 A 1 0 2 3 4 0 12 4 1 26
1 5 6A2 A 2 3 2 2 6 1 6 5 5 30
3 5 IBI B 1 0 3 12 0 0 1 0 1 17
3 5 1B2 B 2 I 11 8 5 4 6 13 7 55
3 5 4BI B 1 2 11 10 4 0 5 0 5 37
3 5 4B2 B 2 2 5 3 3 2 2 0 3 20
3 5 5BI B I 2 7 3 4 1 2 0 9 28
3 5 5B2 B 2 6 4 1 2 1 6 0 7 27
3 5 6B1 B I 2 7 2 12 0 5 0 7 35
3 5 6B2 B 2 4 2 1 3 1 2 0 9 22
4 5 ISl S I 1 2 4 6 1 1 0 5 20
4 5 1S2 S 2 0 2 5 3 1 2 0 5 18
4 5 4S3 S 1 4 4 5 9 1 8 1 4 36
4 5 4S4 S 2 1 4 5 9 0 4 3 3 29
4 5 6S1 S I 1 0 0 0 1 13 2 0 17
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End Int Rat Grp Sex B1 B2 B3 B4 B5 B6 B7 B8 Tota
4 5 6S2 S 2 4 6 4 5 3 1 2 3 28
4 5 7S1 S 1 0 0 0 0 11 0 0 0 11
4 5 7S2 S 2 2 9 3 11 5 8 5 5 48
2 5 IT l T 1 0 3 4 6 1 14 6 3 37
2 5 1T2 T 2 3 5 7 13 14 9 5 12 68
2 5 2T3 T 1 4 10 4 8 2 8 4 6 46
2 5 2T4 T 2 0 9 3 6 6 1 2 7 34
2 5 6T1 T 1 2 6 7 16 1 14 5 3 54
2 5 6T2 T 2 3 9 3 5 1 6 6 3 36
2 5 5T1 T 1 0 0 0 0 0 0 0 0 0
2 5 7T2 T 2 2 5 4 8 6 8 2 2 37
1 6 lA l A 1 1 4 3 24 1 0 0 0 33
I 6 IA2 A 2 1 10 12 10 1 10 7 9 60
I 6 2A1 A 1 1 5 8 8 2 10 3 10 47
1 6 2A2 A 2 4 8 5 6 2 7 9 5 46
I 6 SA I A 1 1 6 2 9 3 11 8 5 45
I 6 5A2 A 2 1 10 8 10 3 4 2 3 41
I 6 6A1 A 1 0 5 5 7 2 4 4 2 29
1 6 6A2 A 2 2 10 9 10 2 7 11 9 60
3 6 IB l B 1 0 0 0 0 0 0 0 0 0
3 6 IB2 B 2 3 8 3 1 2 4 5 5 31
3 6 4B1 B 1 1 9 14 3 4 3 0 8 42
3 6 4B2 B 2 0 3 9 8 0 1 0 2 23
3 6 5B1 B 1 5 3 3 6 3 11 0 3 34
3 6 5B2 B 2 3 3 3 7 2 3 0 5 26
3 6 6B1 B 1 3 3 2 7 0 6 0 3 24
3 6 6B2 B 2 0 4 5 9 6 5 0 8 37
4 6 IS l S 1 6 8 3 4 2 4 2 3 32
4 6 IS2 S 2 0 0 0 2 0 0 0 0 2
4 6 4S3 S 1 8 5 3 3 0 6 7 5 37
4 6 4S4 S 2 I 3 1 5 0 13 4 6 33
4 6 6S1 S 1 1 5 3 3 4 11 2 5 34
4 6 6S2 S 2 3 3 3 3 1 3 0 2 18
4 6 7S1 S 1 0 0 0 0 0 0 0 0 0
4 6 7S2 S 2 2 3 0 0 2 10 2 1 20
2 6 IT l T 1 3 8 3 7 1 8 8 3 41
2 6 1T2 T 2 3 9 3 4 12 12 9 7 59
2 6 2T3 T 1 2 7 5 10 7 7 8 7 53
2 6 2T4 T 2 3 6 5 9 7 5 6 7 48
2 6 6T1 T 1 1 8 12 13 6 8 9 10 67
2 6 6T2 T 2 0 5 5 5 0 7 13 12 47
2 6 5T1 T 1 0 0 0 0 0 0 0 0 0
2 6 7T2 T 2 4 19 5 9 0 12 11 11 71
1 0 7
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End Int Rat Grp Sex B1 B2 B3 B4 B5 B6 B7 B8 Tota
4 2 IS2 S 2 0 6 10 3 3 0 0 3 25
4 2 4S3 S 1 2 9 6 9 1 7 9 8 51
4 2 4S4 S 2 3 6 4 3 1 6 4 9 36
4 2 6S1 S I 2 8 2 12 1 7 6 2 40
4 2 6S2 s 2 1 2 5 6 6 5 5 7 37
4 2 7S1 s 1 0 0 0 0 19 0 0 0 19
4 2 7S2 s 2 6 6 7 14 10 7 4 11 65
2 2 ITI T 1 4 6 9 8 2 6 7 10 52
2 2 1T2 T 2 6 9 8 4 12 4 8 11 62
2 2 2T3 T 1 7 10 6 10 4 14 10 7 68
2 2 2T4 T 2 5 3 6 4 2 6 6 4 36
2 2 6T1 T 1 2 14 12 9 2 11 6 9 65
2 2 6T2 T 2 1 8 8 14 4 8 7 13 63
2 2 5Tl T 1 5 20 8 8 4 9 8 3 65
2 2 7T2 T 2 I 5 6 5 2 8 6 5 38
I 3 lAI A 1 1 2 1 1 5 9 5 0 24
1 3 IA2 A 2 2 14 11 2 2 6 8 11 56
1 3 2AI A 1 2 6 7 11 5 5 10 6 52
1 3 2A2 A 2 3 9 3 8 4 3 2 6 38
1 3 5A1 A 1 4 8 3 17 3 6 5 5 51
1 3 5A2 A 2 4 4 5 9 2 5 6 7 42
1 3 6AI A 1 3 9 5 5 1 10 7 7 47
1 3 6A2 A 2 1 2 4 5 5 5 4 5 31
3 3 IB l B 1 0 2 1 4 1 10 6 6 30
3 3 1B2 B 2 1 4 4 4 6 5 10 2 36
3 3 4B1 B 1 1 8 10 4 1 4 0 4 32
3 3 4B2 B 2 1 1 2 4 1 11 0 4 24
3 3 5B1 B 1 3 10 5 5 9 7 0 6 45
3 3 5B2 B 2 4 6 5 5 0 4 0 9 33
3 3 6B1 B I 2 0 1 9 0 0 0 0 12
3 3 6B2 B 2 1 6 5 6 1 8 0 3 30
4 3 ISl S 1 2 3 0 4 4 3 7 3 26
4 3 1S2 S 2 6 4 3 16 3 6 4 6 48
4 3 4S3 S 1 0 3 2 2 4 16 7 6 40
4 3 4S4 s 2 3 4 4 6 0 6 2 1 26
4 3 651 s 1 3 2 3 4 1 4 5 8 30
4 3 6S2 s 2 3 4 1 1 4 3 6 4 26
4 3 7S1 s 1 0 0 0 0 7 0 0 0 7
4 3 7S2 s 2 2 5 4 3 6 6 9 7 42
2 3 IT l T 1 1 13 5 4 3 3 8 7 44
2 3 1T2 T 2 6 5 4 7 12 13 15 12 74
2 3 2T3 T 1 6 7 11 11 9 11 6 6 67
2 3 2T4 T 2 2 3 4 5 2 5 5 10 36
2 3 6T1 T 1 0 6 6 10 5 15 II 13 66
2 3 6T2 T 2 8 6 5 8 1 10 6 7 51
2 3 5T1 T 1 3 6 4 7 0 2 0 2 24
2 3 7T2 T 2 I 2 7 7 6 3 5 10 41
1 4 lAI A 1 1 2 2 I 0 3 10 3 22
1 4 1A2 A 2 1 6 5 3 2 8 11 12 48
1 4 2A1 A 1 1 6 5 9 2 5 4 6 38
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FIGURE 8 MAZE ACTIVITY (Beam Breaks)
PND 19-20 (9/8,9/9/99) 1=Female, 2=Male
109
EncL Int.h Dam Grp Sex 11 12 13 14 15 16 17 18 Tota
1 1 A 1 0 1 2 9 6 2 2 1 23
I 1 A 2 11 10 3 8 6 3 2 3 46
1 2 A 1 1 5 3 9 6 1 2 1 28
1 2 A 2 8 4 5 2 9 7 7 13 55
1 5 A 1 11 2 3 2 11 9 14 10 62
I 5 A 2 19 14 4 7 9 9 5 8 75
1 6 A 1 3 6 4 9 3 6 5 5 41
1 6 A 2 9 1 1 2 18 8 2 11 52
2 1 A 1 7 4 5 2 3 1 2 3 27
2 1 A 2 2 10 3 5 9 5 5 5 44
2 2 A 1 8 1 I 0 0 2 0 0 12
2 2 A 2 6 4 6 7 6 4 7 1 41
2 5 A 1 2 1 3 8 5 8 6 4 37
2 5 A 2 0 8 3 2 20 1 2 2 38
2 6 A 1 16 6 4 4 4 2 5 7 48
2 6 A 2 4 2 2 4 1 6 4 5 28
3 1 A I 0 2 1 1 0 0 1 1 6
3 1 A 2 6 9 3 2 2 6 0 10 38
3 2 A 1 0 2 3 6 0 1 1 2 15
3 2 A 2 0 0 0 3 7 7 5 12 34
3 5 A 1 6 3 0 3 6 3 9 7 37
3 5 A 2 3 3 3 5 4 I 2 8 29
3 6 A 1 1 1 0 10 1 3 4 5 25
3 6 A 2 0 I 1 1 6 3 1 I 14
4 1 A 1 2 7 6 6 1 0 1 7 30
4 1 A 2 1 3 10 0 3 6 3 0 26
4 2 A 1 0 0 13 3 5 0 0 0 21
4 2 A 2 0 1 1 1 8 3 5 7 26
4 5 A 1 3 1 1 1 0 0 10 6 22
4 5 A 2 0 3 3 6 1 11 2 3 29
4 6 A I 4 1 2 6 3 7 6 6 35
4 6 A 2 8 2 1 4 5 6 8 4 38
5 1 A 1 2 1 4 0 0 0 0 0 7
5 1 A 2 11 4 3 5 0 4 3 2 32
5 2 A 1 0 2 0 7 3 2 0 0 14
5 2 A 2 8 0 2 7 13 7 4 1 42
5 5 A 1 0 3 I 4 3 6 15 2 34
5 5 A 2 2 4 0 0 2 3 0 0 11
5 6 A 1 5 1 0 0 0 1 8 2 17
5 6 A 2 0 0 0 1 0 6 0 0 7
6 1 A 1 5 4 1 1 0 1 4 4 20
6 1 A 2 5 3 3 2 5 6 3 5 32
6 2 A 1 0 0 0 0 0 0 0 0 0
6 2 A 2 2 3 2 10 5 I 1 5 29
6 5 A 1 3 1 3 4 2 1 3 4 21
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EncL Int. Dam Grp Sex 11 12 13 14 15 16 17 18 Tota
4 4 5 S 2 0 0 2 2 0 0 0 6 10
2 4 I S I 13 1 5 4 1 1 0 4 29
2 4 1 S 2 2 9 1 1 5 11 1 3 33
4 5 2 S 1 0 0 0 0 4 0 0 0 4
4 5 2 S 2 0 1 3 2 2 1 1 0 10
4 5 4 S I 0 0 7 0 0 0 0 0 7
4 5 4 S 2 0 4 3 4 15 1 1 1 29
4 5 6 s I 0 0 8 4 0 3 4 0 19
4 5 6 s 2 1 5 6 7 5 3 6 4 37
4 5 7 s 1 0 1 12 1 0 0 0 0 14
4 5 7 s 2 3 7 1 6 4 1 6 5 33
4 5 5 s 1 0 0 5 0 0 0 0 0 5
4 5 5 s 2 2 0 4 4 0 2 0 1 13
2 5 1 s I 7 2 0 3 2 1 8 1 24
2 5 I s 2 1 1 2 4 5 0 0 0 13
4 6 2 s 1 0 3 2 1 9 0 0 0 15
4 6 2 s 2 0 0 0 3 3 1 1 0 8
4 6 4 s 1 0 0 1 0 0 0 0 0 1
4 6 4 s 2 0 4 15 2 0 0 0 0 21
4 6 6 s 1 0 0 0 0 1 0 0 0 1
4 6 6 s 2 0 1 7 16 1 0 0 4 29
4 6 7 s 1 0 0 0 2 10 0 0 0 12
4 6 7 s 2 0 1 6 0 0 5 1 3 16
4 6 5 s 1 0 0 7 2 2 0 0 0 11
4 6 5 s 2 2 6 8 2 3 3 6 3 33
2 6 1 s 1 0 4 0 4 4 1 1 4 18
2 6 1 s 2 0 3 2 0 0 0 0 0 5
2 1 4 T 1 3 2 0 2 13 1 1 1 23
2 1 4 T 2 8 5 2 4 7 9 4 2 41
2 1 5 T I 5 3 2 4 2 5 13 4 38
2 1 5 T 2 9 9 6 9 14 6 6 8 67
2 I 3 T 1 7 3 3 3 15 9 9 4 53
2 I 3 T 2 2 4 5 8 6 6 7 9 47
2 I 7 T 1 4 1 1 2 11 9 4 1 33
2 1 7 T 2 0 0 0 0 12 3 6 3 24
2 2 4 T 1 0 0 0 0 5 20 3 5 33
2 2 4 T 2 3 2 2 2 6 4 6 1 26
2 2 5 T 1 2 0 0 0 14 4 0 0 20
2 2 5 T 2 6 7 1 5 10 8 6 3 46
2 2 3 T 1 2 1 2 2 0 2 4 1 14
2 2 3 T 2 5 5 3 2 0 3 3 5 26
2 2 7 T I 24 6 1 1 3 2 6 4 47
2 2 7 T 2 7 1 1 1 1 2 5 9 27
2 3 4 T 1 3 2 4 2 1 5 5 5 27
2 3 4 T 2 0 1 0 0 0 5 0 2 8
2 3 5 T 1 5 2 1 1 10 1 1 3 24
2 3 5 T 2 2 5 2 3 10 4 3 4 33
2 3 3 T 1 1 1 0 0 6 0 0 2 10
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.net. Int. Dam Grp Sex 11 12 13 14 15 16 17 18 Totai
1 6 5 A 2 4 4 2 2 0 1 3 7 23
1 6 6 A I 4 0 1 3 5 2 5 0 20
1 6 6 A 2 0 0 0 0 0 1 26 4 31
3 I 1 B 1 17 11 6 14 5 2 193 3 251
3 I 1 B 2 8 13 13 2 5 4 187 8 240
3 I 2 B 1 5 8 2 8 3 2 190 4 222
3 1 2 B 2 10 8 3 7 11 8 190 7 244
3 1 4 B 1 3 2 2 4 18 4 187 6 226
3 1 4 B 2 8 4 6 5 4 8 180 7 222
3 1 5 B 1 10 20 12 8 7 3 194 1 255
3 1 5 B 2 6 3 4 5 6 4 186 2 216
3 2 1 B I 5 19 0 3 4 2 24 6 63
3 2 1 B 2 6 14 5 8 2 4 189 6 234
3 2 2 B I 4 2 5 9 1 1 183 2 207
3 2 2 B 2 7 5 10 1 4 2 180 7 216
3 2 4 B 1 5 3 6 4 4 4 186 5 217
3 2 4 B 2 7 3 7 11 0 0 181 1 210
3 2 5 B 1 13 15 11 7 11 6 185 8 256
3 2 5 B 2 0 2 5 0 17 6 186 3 219
3 3 I B 1 I 8 5 4 0 4 65 2 89
3 3 I B 2 1 2 2 4 4 11 189 6 219
3 3 2 B 1 0 3 1 4 3 1 190 0 202
3 3 2 B 2 0 0 0 0 4 5 184 0 193
3 3 4 B 1 5 2 4 0 8 4 180 2 205
3 3 4 B 2 0 3 1 5 3 3 193 2 210
3 3 5 B 1 4 9 13 5 3 3 178 3 218
3 3 5 B 2 6 7 3 5 0 1 188 1 211
3 4 1 B I 9 5 7 5 3 1 191 3 224
3 4 1 B 2 0 6 4 3 6 3 191 7 220
3 4 2 B I 5 8 0 0 2 2 181 3 201
3 4 2 B 2 11 0 0 2 2 0 193 0 208
3 4 4 B 1 8 0 0 0 0 0 182 0 190
3 4 4 B 2 4 1 2 0 0 0 185 3 195
3 4 5 B I 2 7 15 5 21 2 189 4 245
3 4 5 B 2 6 0 2 7 6 6 189 0 216
3 5 1 B 1 0 0 11 0 0 0 188 0 199
3 5 1 B 2 34 6 2 0 1 1 185 1 230
3 5 2 B I 0 0 0 0 5 0 196 0 201
3 5 2 B 2 5 4 5 7 3 4 188 4 220
3 5 4 B 1 8 1 5 1 1 1 190 2 209
3 5 4 B 2 5 3 1 0 0 2 182 2 195
3 5 5 B I 2 11 9 4 16 4 185 2 233
3 5 5 B 2 0 2 6 5 1 1 185 1 201
3 6 I B I 0 1 4 0 0 0 196 0 201
3 6 I B 2 7 2 2 2 9 0 192 2 216
3 6 2 B 1 0 0 0 0 0 0 174 0 174
3 6 2 B 2 2 1 5 1 8 0 184 0 201
3 6 4 B 1 0 0 0 0 0 0 182 0 182
I l l
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ncL Int. Dam Grp Sex 11 12 13 14 15 16 17 18 Tota
3 6 4 B 2 0 0 2 1 3 0 186 0 192
3 6 5 B 1 0 3 6 2 1 2 185 0 199
3 6 5 B 2 7 0 1 3 6 3 185 0 205
4 1 2 S 1 6 6 4 9 15 9 6 7 62
4 1 2 S 2 2 4 12 11 20 4 3 1 57
4 1 4 S 1 2 5 8 10 7 5 6 4 47
4 I 4 S 2 0 7 15 15 6 3 1 1 48
4 I 6 S 1 6 8 5 7 6 10 3 6 51
4 I 6 S 2 2 6 17 13 16 9 4 4 71
4 I 7 S I 5 6 10 2 3 1 2 5 34
4 1 7 S 2 6 5 12 4 6 3 5 5 46
4 I 5 S 1 4 6 11 8 13 2 2 2 48
4 I 5 S 2 7 8 8 9 6 3 3 5 49
2 1 I S 1 4 6 3 13 9 6 4 7 52
2 1 1 S 2 1 8 3 4 15 8 5 6 50
4 2 2 S I 0 4 2 4 14 5 1 6 36
4 2 2 S 2 12 4 3 3 3 7 12 8 52
4 2 4 S 1 7 1 2 13 0 0 0 0 23
4 2 4 s 2 8 2 4 10 2 3 1 10 40
4 2 6 s 1 0 2 5 6 17 6 4 3 43
4 2 6 s 2 3 2 9 5 4 13 3 5 44
4 2 7 s 1 2 5 9 1 5 3 5 1 31
4 2 7 s 2 7 4 4 5 0 8 4 7 39
4 2 5 s I 0 3 6 10 8 0 0 0 27
4 2 5 s 2 10 6 2 4 1 5 5 2 35
2 2 I s I 3 9 1 9 8 0 4 7 41
2 2 1 s 2 5 4 2 5 17 18 4 5 60
4 3 2 s I 0 0 2 8 6 7 2 1 26
4 3 2 s 2 2 7 5 4 0 1 2 2 23
4 3 4 s I 0 1 18 1 0 0 0 0 20
4 3 4 s 2 2 5 11 3 0 0 0 0 21
4 3 6 s I 3 1 11 2 7 5 4 2 35
4 3 6 s 2 2 4 2 4 4 0 1 1 18
4 3 7 s I 2 2 5 2 0 0 0 0 11
4 3 7 s 2 5 10 2 5 6 0 0 8 36
4 3 5 s 1 8 3 7 6 8 2 3 2 39
4 3 5 s 2 2 3 10 3 9 3 5 0 35
2 3 1 s 1 10 4 2 1 7 4 6 7 41
2 3 1 s 2 6 5 6 4 11 7 6 2 47
4 4 2 s 1 2 4 4 1 10 4 4 5 34
4 4 2 s 2 2 1 3 1 9 3 1 1 21
4 4 4 s 1 0 0 4 1 0 0 0 0 5
4 4 4 s 2 2 0 5 1 0 3 1 5 17
4 4 6 s 1 4 4 3 3 13 5 4 0 36
4 4 6 s 2 2 2 7 2 8 2 8 1 32
4 4 7 s I 1 9 7 3 5 7 3 2 37
4 4 7 s 2 3 5 9 2 1 6 0 2 28
4 4 5 s I 3 1 7 2 1 0 0 0 14
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[ncL Tnt Dam Grp Sex 11 12 D 14 15 16 17 18 Tota
2 3 3 T 2 3 1 1 1 7 6 8 1 28
2 3 7 T 1 11 6 6 7 0 4 3 7 44
2 3 7 T 2 17 3 I 3 3 8 4 2 41
2 4 4 T 1 0 0 0 0 1 0 0 0 1
2 4 4 T 2 5 0 0 2 1 5 2 0 15
2 4 5 T 1 0 0 0 0 0 0 0 0 0
2 4 5 T 2 7 3 2 6 13 3 2 2 38
2 4 3 T 1 7 2 0 3 6 4 1 2 25
2 4 3 T 2 4 3 1 1 5 1 3 1 19
2 4 7 T 1 0 4 4 2 0 4 3 4 21
2 4 7 T 2 19 8 3 3 3 8 2 6 52
2 5 4 T 1 0 0 0 0 2 9 2 1 14
2 5 4 T 2 6 2 2 0 10 2 3 1 26
2 5 5 T 1 2 1 3 3 18 1 3 1 32
2 5 5 T 2 0 0 2 4 12 0 2 12 32
2 5 3 T 1 0 1 1 1 5 5 2 2 17
2 5 3 T 2 6 4 2 7 3 4 5 2 33
2 5 7 T 1 12 6 0 0 3 2 4 7 34
2 5 7 T 2 18 3 0 0 1 6 5 7 40
2 6 4 T 1 1 6 7 4 2 3 2 0 25
2 6 4 T 2 2 1 7 1 3 5 5 1 25
2 6 5 T 1 2 0 3 5 5 1 3 1 20
2 6 5 T 2 2 3 2 6 4 2 6 5 30
2 6 3 T 1 5 5 1 4 2 2 10 2 31
2 6 3 T 2 0 0 0 0 2 3 7 0 12
2 6 7 T 1 0 2 8 2 0 2 0 0 14
2 6 7 T 2 15 6 3 3 2 1 1 3 34
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STARLE RESPONSE (AUDIO)
PND 21 (9/10/99) I=FemaIe, 2=Male
roups: l=ArocIor (A), 2=Aroclor4-Thyroxine (B), 3=Thyroxine (T), 4=Saline (S
114
Î.OUP SEX T r ia l 1 T r ia l 2 T r ia ls T ria l 4 T r ia ls T r ia l 6 A v e
1 1 5 13 3 1 11 16 8.167
1 1 10 9 11 7 5 3 7.5
1 1 5 2 9 8 3 2 4.83
I 1 13 12 10 12 2 30 13.167
2 1 25 3 6 3 6 3 7.67
2 1 6 6 4 5 9 6 6
2 1 2 2 2 2 1 4 2.167
2 1 17 22 10 4 10 14 12.83
2 I 3 3 2 1 2 1 2
2 1 10 7 6 10 13 8 9
2 1 3 8 4 6 4 5 5
3 1 20 13 19 23 24 18 19.5
3 1 8 12 7 8 4 2 6.83
3 1 10 4 5 3 1 0 3.83
3 1 5 1 2 3 0 0 1.83
3 1 20 9 17 11 9 10 12.67
3 1 12 6 4 3 3 0 4.67
3 1 6 4 3 2 3 3 3.5
4 1 9 17 3 2 2 7 6.67
4 1 21 9 10 7 13 5 10.83
4 1 19 6 6 2 2 2 6.167
4 1 6 3 2 3 3 1 3
4 1 2 1 3 0 5 0 1.83
4 1 0 0 0 0 0 0 0
1 2 2 2 5 2 5 1 2.83
I 2 9 2 0 1 0 0 2
1 2 2 9 6 7 3 5 5.33
1 2 6 11 6 3 6 5 6.167
2 2 53 7 3 4 3 7 12.83
2 2 1 4 2 5 5 1 3
2 2 4 4 2 3 3 2 3
2 2 3 4 6 5 5 3 4.33
2 2 7 4 3 1 4 2 3.5
2 2 7 3 8 6 12 8 7.33
2 2 5 4 9 3 2 13 6
3 2 21 19 20 5 8 8 13.5
3 2 14 5 4 3 5 3 5.67
3 2 2 2 2 1 4 5 2.67
3 2 9 1 5 1 1 7 4
3 2 11 15 19 10 13 11 13.167
3 2 10 7 15 9 11 9 10.167
3 2 7 1 0 2 2 2 2.33
4 2 6 4 1 4 1 4 3.33
4 2 19 4 4 3 5 2 6.167
4 2 9 2 5 3 3 3 4.167
4 2 5 11 3 1 4 1 4.167
4 2 2 1 4 3 2 1 2.167
4 2 5 3 5 4 2 6 4.167
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STARLE RESPONSE (Inhibitory Prepulse)
PND 21 (9/10/99) l=Female, 2=Male
Groups: l=Aroclor, 2=AroclorfThyroxine, 3=Thyroxine, 4=Saline
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LOUP SEX Trial 1 Trial 2 T ria ls Trial 4 Trial 5 Trial 6 A ve
1 1 14 22 0 31 6 55 21.33
1 I 6 80 3 11 24 0 20.67
1 1 16 20 0 0 0 15 8.5
I I 36 23 14 35 40 3 25.167
2 1 26 29 15 38 26 28 27
2 1 58 22 57 29 101 24 48.5
2 1 57 17 47 26 23 19 31.5
2 I 69 38 33 52 15 33 40
2 1 22 27 17 15 21 58 26.67
2 1 39 35 12 47 41 68 40.33
2 1 37 47 15 16 13 51 29.833
3 1 50 58 42 110 36 170 77.67
3 1 13 41 25 7 18 31 22.5
3 1 0 8 11 13 0 5 6.167
3 1 0 2 18 0 0 12 5.33
3 I 57 17 26 80 76 19 45.83
3 1 11 17 49 118 18 12 37.5
3 1 13 1 0 0 0 0 2.33
4 1 2 13 0 11 4 17 7.83
4 1 7 5 4 13 25 10 10.67
4 1 0 4 0 0 0 14 3
4 1 13 6 1 2 0 0 3.67
4 1 0 2 3 0 0 7 2
4 1 2 4 0 0 0 0 1
1 2 19 0 37 8 8 3 12.5
1 2 21 0 11 15 28 0 12.5
1 2 0 24 10 3 2 2 6.83
I 2 25 34 16 21 18 38 25.33
2 2 26 24 14 10 17 17 18
2 2 53 66 36 53 14 18 40
2 2 13 50 20 29 19 12 23.83
2 2 49 19 21 34 62 24 34.83
2 2 26 61 33 106 33 16 45.83
2 2 30 32 28 49 31 31 33.5
2 2 39 50 12 22 38 22 30.5
3 2 36 37 64 27 45 59 44.67
3 2 61 57 14 51 40 25 41.33
3 2 5 17 0 20 24 1 11.167
3 2 9 0 24 16 11 40 16.67
3 2 74 13 46 24 28 55 40
3 2 22 22 12 21 13 16 17.67
3 2 17 5 10 11 8 3 9
4 2 4 6 2 69 13 5 16.5
4 2 6 17 0 3 12 34 12
4 2 0 8 0 20 18 13 9.83
4 2 3 0 0 10 0 0 2.167
4 2 7 32 8 4 1 0 8.67
4 2 0 0 0 0 0 0 0
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STARLE RESPONSE (TACTILE)
PND 21 (9/10/99) l=Female, 2=Male
Groups: l=Aroclor, 2=Aroclor+Thyroxine, 3=Thyroxine, 4=SaIine
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3rp Sex Trial 1 Trial 2 Trials Trial 4 Trial 5 Trial 6 A ve
1 I 5 1 2 7 15 12 7
1 1 5 13 4 6 3 3 5.67
1 1 5 8 5 4 2 5 4.83
1 1 6 6 14 13 12 26 12.83
I 2 3 3 9 1 1 0 2.83
1 2 16 3 2 0 0 2 3.83
1 2 2 0 1 0 5 0 1.33
1 2 4 8 5 9 3 4 5.5
2 2 6 6 7 6 5 10 6.67
2 2 7 6 8 9 4 3 6.167
2 2 3 3 4 2 7 4 3.83
2 2 12 3 14 11 10 1 8.5
2 2 6 9 3 6 2 7 5.5
2 2 8 11 7 10 4 8 8
2 2 11 8 4 5 4 2 5.67
2 1 7 4 8 7 3 4 5.5
2 1 4 7 3 4 5 8 5.167
2 I 1 5 8 9 2 1 4.33
2 1 19 17 3 17 10 5 11.83
2 1 3 5 1 2 1 4 2.67
2 1 5 5 4 7 6 6 5.5
2 1 4 4 8 6 7 3 5.33
3 2 9 12 11 9 9 6 9 J3
3 2 3 11 6 5 4 1 5
3 2 1 11 1 8 2 2 4.167
3 2 9 4 3 7 3 11 6.167
3 2 11 8 19 4 3 12 9.5
3 2 19 7 9 14 15 6 11.67
3 2 5 2 4 9 5 2 4.5
3 1 9 15 8 9 17 14 12
3 1 12 4 7 1 3 1 4.67
3 I 7 1 2 0 1 2 2.167
3 I 1 2 1 0 1 1 1
3 1 10 13 16 15 7 12 12.167
3 1 4 2 2 2 2 2 2.33
3 I 11 1 2 0 1 0 2.5
4 1 9 3 3 1 4 2 3.67
4 1 16 4 1 6 7 8 7
4 1 3 6 2 2 1 0 2.33
4 1 3 0 1 2 1 0 1.167
4 I 3 1 1 1 0 1 1.167
4 1 2 1 0 0 0 0 0.5
4 2 1 1 3 7 2 0 2.33
4 2 8 3 7 4 6 9 6.167
4 2 2 1 3 2 2 1 1.83
4 2 2 1 0 1 0 0 0.67
4 2 0 0 1 1 1 0 0.5
4 2 0 1 0 3 1 1 1
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STARLE RESPONSE (Inhibitory Prepulse)
PND 61 (10/20/99)
l=Female, 2=Male
Groups: l=Aroclor, 2=Aroclor+-Thyroxine, 3=Thyroxine, 4=Saline
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LOU SEX Trial 1 Trial 2 Trial 3 Trial 4 Trial 5 Trial 6 Ave
1 1 6 23 3 12 2 10 9.33
1 2 5 5 3 4 11 25 8.83
1 1 0 38 2 14 0 1 9.167
1 2 5 27 2 92 98 19 40.5
1 1 45 37 121 133 115 33 80.67
1 2 84 3 7 183 65 42 64
1 1 15 9 4 69 8 139 40.67
1 2 30 8 11 23 37 26 22.25
2 1 16 27 5 6 10 62 21
2 2 7 7 16 20 3 28 13.5
2 1 72 16 30 30 3 149 50
2 2 6 25 3 12 4 3 8.83
2 1 28 35 43 44 56 36 40.33
2 2 2 16 2 10 1 6 6.167
2 1 41 26 97 53 90 48 59.167
2 2 22 23 78 40 62 49 45.67
4 I 2 19 2 2 0 7 5.33
4 2 2 18 1 47 31 5 17.33
4 1 2 8 2 11 1 1 4.167
4 2 1 0 14 1 16 18 8.33
4 1 1 27 2 1 5 2 6.33
4 2 6 8 3 11 15 16 9.83
4 1 4 1 7 9 2 9 5.33
4 2 13 3 2 0 14 2 5.67
3 1 8 5 9 8 0 2 5.33
3 2 0 0 0 1 0 2 0.5
3 1 6 61 11 27 20 7 22
3 2 28 22 13 49 74 15 33.5
3 1 57 65 64 63 74 25 58
3 2 76 50 27 29 10 3 32.5
3 1 7 12 8 33 7 5 12
3 2 0 0 8 1 0 0 1.5
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STARLE RESPONSE (AUDIO)
PND 61 (10/20/99)
l=Female, 2=Male
Groups: l=ArocIor, 2=ArocIon-Thyroxine, 3=Thyroxine, 4=Saline
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LOUP SEX Trial 1 Trial 2 Trial 3 Trial 4 Trial 5 Trial 6 Ave
1 1 83 109 27 59 62 62 6.7
1 2 52 30 80 24 2 2 35 40.5
1 1 61 2 2 14 1 1 2 2 37 27.83
1 2 142 61 65 50 103 116 89.5
1 1 44 64 92 60 70 42 62
1 2 257 2 0 1 73 24 85 2 107
1 1 95 83 47 34 23 15 49.5
1 2 107 60 24 60 27 4 47
2 1 83 47 1 0 13 1 50 34
2 2 41 6 6 61 6 6 57 38 54.83
2 1 6 8 9 33 67 42 54 45.5
2 2 98 52 82 6 6 64 49 68.5
2 1 216 31 40 49 1 2 26 62.33
2 2 76 43 1 1 40 42 53 44.167
2 1 313 44 50 48 2 0 3 79.67
2 2 79 34 6 3 18 5 24.167
4 1 207 35 32 38 2 0 38 61.67
4 2 84 24 73 0 18 17 36
4 1 104 23 37 90 14 42 51.67
4 2 98 38 42 7 52 39 46
4 1 6 6 106 37 37 8 3 42.83
4 2 173 59 79 96 89 76 95.33
4 1 39 40 14 17 2 2 5 22.83
4 2 51 172 43 8 98 17 64.83
3 1 262 5 36 1 2 2 0 15 58.33
3 2 40 9 43 1 2 2 1 47 28.67
3 1 48 138 18 8 29 2 2 43.83
3 2 74 24 70 43 73 8 6 61.67
3 1 53 73 6 6 73 53 64 63.67
3 2 704 199 94 28 69 15 184.83
3 1 90 1 1 0 31 26 2 2 8 47.83
3 2 53 33 1 7 4 31 21.5
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STARLE RESPONSE (TACTILE) 119
PND 61 (10/20/99)
l=Female, 2=MaIe
Groups: l=Aroclor (A), 2=Aroclor+Thyroxine (B), 3=Thyroxine (T), 4=Saline (S)
lOUP SEX Trial 1 Trial 2 Trial 3 Trial 4 Trial 5 Trial 6 Ave
A 1 24 7 80 31 96 8 41
A 2 64 44 26 32 53 72 48.5
A 1 133 49 9 31 65 55 57
A 2 28 186 62 94 132 37 89.83
A 1 109 115 81 39 19 159 87
A 2 38 37 203 213 60 14 94.167
A 1 48 73 39 51 80 44 55.83
A 2 42 118 170 103 104 62 99.83
B 1 45 55 42 84 44 14 47.33
B 2 30 128 8 6 71 48 76 73.167
B 1 38 118 32 133 92 166 96.5
B 2 84 96 13 28 61 59 56.83
B 1 55 74 127 1 1 1 85 85 89.5
B 2 2 1 63 34 1 1 7 8 24
B 1 64 109 74 107 130 97 96.83
B 2 97 58 67 70 6 8 138 83
S 1 2 2 17 24 23 34 59 29.83
S 2 6 53 6 23 1 27 19.33
s 1 57 1 1 59 1 0 2 57 65 58.5
s 2 52 36 6 6 2 2 57 38 45.167
s 1 1 0 65 0 24 15 30 24
s 2 15 2 2 96 1 0 23 3 20.167
s 1 17 55 1 0 27 6 27 23.67
s 2 17 16 15 27 32 2 1 21.33
T 1 37 41 24 13 24 15 25.67
T 2 17 43 2 1 64 72 54 45.167
T 1 41 33 37 46 1 1 30 33
T 2 96 41 83 25 60 58 60.5
T 1 56 103 114 99 82 81 89.167
T 2 301 54 24 23 154 5 93.5
T 1 78 125 44 73 25 58 67.167
T 2 4 2 0 18 26 15 16 16.5
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5-CHOICE TASK TRAINING PND 34, 35 (9/23,9/24/99) 120
Subject StartDate StaitTime Pellets TotalResp R (l) R(2) R(3) R(4) R(5:
7B4 990923 75403 5 17 1 1 5 4 6
4S3 990923 80634 5 17 4 5 5 1 2
3B3 990923 81932 13 31 7 3 13 7 1
I S3 990923 83216 6 25 7 1 6 6 5
2B3 990923 84548 0 4 4 0 0 0 0
2S4 990923 85823 7 11 2 1 7 0 1
4B4 990923 90952 1 8 4 I 1 1 1
7B3 990923 93617 1 7 2 2 1 1 1
7S4 990923 94822 16 32 4 8 16 1 3
6B4 990923 100006 7 17 2 1 7 1 6
6S3 990923 101229 6 12 3 0 6 0 3
5S4 990923 102555 3 10 4 1 3 0 2
1A3 990923 103825 5 11 2 0 5 0 4
5T3 990923 105131 7 29 6 8 7 3 5
6A3 990923 110439 6 24 10 6 6 1 1
3T4 990923 111736 0 2 1 1 0 0 0
6A4 990923 113123 3 19 5 3 3 5 3
7T4 990923 114443 6 20 4 6 6 2 2
3T3 990923 115843 1 10 1 0 1 3 5
2A4 990923 120951 4 17 4 1 4 2 6
2A3 990923 122307 8 21 4 3 8 2 4
2T4 990923 123657 4 20 6 1 4 1 8
5A4 990923 124951 5 16 3 2 5 2 4
1T4 990923 130103 8 20 5 3 8 2 2
2B3 990924 74130 1 12 5 0 I 3 3
4B4 990924 75519 4 13 5 2 4 0 2
4S3 990924 80717 4 13 2 2 4 1 4
7B3 990924 81847 1 6 1 2 1 0 2
7B4 990924 82952 2 10 3 2 2 2 1
6B4 990924 84128 2 16 4 4 2 1 5
6S3 990924 85329 5 20 3 2 5 2 8
5S4 990924 90523 1 6 0 1 I 3 1
2S4 990924 92159 3 10 1 2 3 1 3
1S3 990924 93403 4 15 4 3 4 2 2
2A3 990924 103447 2 8 1 1 2 2 2
6A3 990924 104709 9 22 2 2 9 3 6
6A4 990924 105958 4 23 5 3 4 1 10
1A3 990924 113441 1 3 1 0 I 0 1
4T4 990924 115308 8 29 5 2 8 6 8
1T4 990924 120406 10 39 11 5 11 6 6
2A4 990924 121849 0 4 1 1 0 0 2
3T4 990924 123003 3 15 4 2 3 2 4
3T3 990924 124112 1 4 1 1 1 1 0
2X4 990924 125240 3 19 7 4 3 3 2
5A4 990924 130343 5 9 3 0 5 0 1
5T3 990924 131501 10 28 2 4 10 7 5
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5-CHOICE TASK TRAINING PND 36, 37 (9/25,9/26/99)
Subject StartDate StaitTime Pellets TotResp R(l) R(2) R(3) R(4) R(5)
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4S3 990925 80511 3 8 2 1 3 0 2
2B3 990925 90048 0 6 2 0 0 0 4
5S4 990925 91244 2 9 5 1 2 0 1
02B3 990925 93040 1 5 1 2 1 0 1
7B3 990925 94638 4 1 0 3 2 4 0 1
6S3 990925 95747 6 29 6 5 6 5 7
7B4 990925 101713 2 6 1 0 2 0 3
1S3 990925 103236 2 15 4 3 2 2 4
4B4 990925 104622 3 1 1 4 2 3 1 1
2S4 990925 110105 17 29 3 5 17 1 3
4T4 990925 111217 2 2 0 0 2 0 0
5A4 990925 120736 4 2 2 7 4 5 4 2
6A4 990925 122253 9 28 1 7 9 2 9
1A3 990925 123744 1 4 1 0 1 0 2
3T4 990925 125216 1 5 0 1 1 2 1
2A4 990925 130719 5 15 3 1 5 3 3
7T4 990925 132117 26 79 6 2 0 27 1 1 15
6A3 990925 133503 3 14 3 3 3 2 3
2T4 990925 134853 2 8 2 0 2 0 4
2A3 990925 140237 2 15 2 1 2 1 9
3T3 990925 141625 2 1 2 3 0 2 4 3
4S3 990926 75541 8 2 1 6 0 8 3 4
7B3 990926 82208 1 8 3 1 1 1 2
2B3 990926 83745 2 5 1 0 2 0 2
5S4 990926 84940 3 9 2 0 3 1 3
6B4 990926 90206 2 9 0 3 3 0 3
6S3 990926 91414 4 9 3 1 4 1 0
4B4 990926 92630 2 7 2 1 2 0 2
2S4 990926 93907 44 69 6 6 44 7 6
7B4 990926 95137 1 7 3 1 1 1 1
1S3 990926 100445 6 17 6 2 6 1 2
2A3 990926 101647 6 6 6 5 4 7 1 0 40
5A4 990926 102928 2 9 1 0 2 3 3
2T4 990926 104344 3 9 2 2 3 0 2
6A3 990926 105640 3 15 1 4 3 1 6
1A3 990926 110913 4 13 1 1 4 3 4
7T4 990926 112140 34 64 5 8 34 6 1 1
2A4 990926 113348 2 16 8 2 2 1 3
3T3 990926 114549 2 1 2 2 4 2 2 2
6A4 990926 115738 6 31 4 5 6 7 9
3T4 990926 120936 5 18 5 4 5 0 4
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5-CHOICE TASK TRAINING PND 38-40 (9/27-29/99)
Subject StartDate StartTime Pellets TotResp R (l) R(2) R(3) R(4) R(5)
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3T4 990927 101543 2 7 2 1 2 0 2
1S3 990927 102727 1 1 1 2 1 1 3 4
2T4 990927 103807 4 18 4 1 5 3 5
6S3 990927 105013 4 25 9 4 4 3 5
3T3 990927 110218 4 14 3 1 4 2 4
5S4 990927 111456 1 8 1 1 1 2 3
7T4 990927 112653 34 65 6 1 2 34 8 5
7B3 990928 72048 4 13 3 2 4 3 1
6A3 990928 73252 3 16 1 4 3 2 6
4B4 990928 74531 2 7 1 1 2 1 2
1A3 990928 75754 4 27 7 5 4 3 8
2B3 990928 81022 1 4 0 2 1 1 0
6A4 990928 82258 8 35 5 1 0 8 7 5
6B4 990928 83533 1 9 2 2 1 3 1
2A3 990928 84749 2 14 4 0 2 1 7
7B4 990928 90004 2 7 1 2 2 2 0
2A4 990928 91435 4 13 2 3 4 3 1
5A4 990928 92546 1 7 1 0 1 3 2
4T4 990929 72653 39 59 7 8 39 3 2
3B3 990929 73940 24 6 8 1 0 16 24 14 4
4T4 990929 75215 35 6 8 9 9 35 9 6
4S3 990929 80558 7 2 0 3 2 7 3 5
3T4 990929 81849 5 15 3 2 5 3 2
6S3 990929 83408 2 1 48 6 4 2 2 8 8
1T4 990929 84520 14 29 4 3 14 5 3
2S4 990929 85735 48 6 8 1 0 7 48 1 2
5T3 990929 90958 23 73 9 1 0 25 6 23
1S3 990929 92244 7 44 13 3 7 7 14
2T4 990929 93443 1 4 2 0 1 0 1
7S4 990929 94653 42 84 16 1 2 42 1 1 3
3T3 990929 95934 0 8 2 3 0 0 3
5S4 990929 101217 2 1 0 6 0 2 0 2
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5-CHOICE TASK PND 42 (10/1/99)
Groups: A=1 Aroclor, B=2 Arocior+Thyroxine, 3=1 Thyroxine, 4=8 Saline l=Female, 2=MaIe
Group Sex CorrectRes ErrorRes PremRes PersevRes Pre+Pers TotalResp NullTrials ElapsedTime RespLatency RewardLatency
1 1 6 3 25 19 44 53 11 793 5 0
1 1 0 2 13 43 56 58 18 627 5 0
1 2 3 0 5 27 32 35 17 572 5 0
1 2 1 0 10 27 37 38 19 676 5 0
1 1 0 2 5 115 120 122 18 825 5 0
1 2 2 3 28 38 66 71 15 715 5 0
2 2 2 1 5 49 54 57 17 793 5 0
2 1 0 0 2 48 50 50 20 964 5 0
2 2 7 5 42 28 70 82 8 611 0.85 4.82
2 1 0 2 12 41 53 55 18 674 5 0
2 2 1 3 60 48 108 112 15 996 5 0
2 2 2 3 11 65 76 81 15 928 5 0
2 2 6 1 120 83 203 210 12 906 4.28 1.1
3 1 0 0 6 51 57 57 18 916 5 0
3 1 2 1 3 23 26 29 18 541 5 0
3 2 0 2 6 40 46 48 18 571 5 0
3 2 1 2 0 61 61 64 17 558 5 0
3 1 9 2 41 54 95 106 9 595 0.42 1.61
3 2 1 2 28 128 156 159 17 943 5 0
4 1 3 1 7 52 59 63 16 660 5 0
4 2 2 0 61 75 136 138 18 771 5 0
4 I 7 4 65 28 93 104 9 757 1.12 0
4 2 5 1 6 29 35 41 14 500 2.43 0
4 1 5 6 66 74 140 151 7 721 5 0
4 2 3 8 40 73 113 124 9 767 0.22 0
tow
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